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Writing and editing a comprehensive multivolume text and a reference source on a 
focused topic is a dream of a life time for scores of academicians, but only a handful 
are capable of and committed to realize that dream. Dr. Moni Abraham Kuriakose 
is to be commended to bring that dream to a reality in the field of oral cancer. He has 
successfully gathered an assembly of world-class leaders from all corners of the 
globe to contribute to this exhaustive four-volume treatise on the current state of the 
art and science of oral oncology. The organization and planning of such an in-depth 
reference source takes deep understanding of the biology of the disease, and mas-
tery in clinical management of the patient. The editor in chief has very carefully 
selected scholars from the Roswell Park Memorial Institute, coupled with others 
from North America, Europe, and Australasia, in the specialty of oro-maxillo-facial 
surgery and oncology, to have a global perspective of the disease. This provides a 
global perspective from different geographic regions of the world, with diverse 
patient populations and varied socioeconomic and cultural differences.

Although, the commonly identified etiologic agents for oral cancer are prevalent 
throughout the world, the biological behavior and natural history of these tumors 
are different in various regions of the world. For example, the presentation and 
behavior of oral cancer seen in South Asia is quite different than that in the western 
world. The authors have very elegantly delved into the biology of these differences 
and have highlighted the frontiers in research in this area. Similarly, practical issues 
in the clinical management of patients in diverse socioeconomic regions are dis-
cussed to make this a valuable resource for clinicians throughout the world.

This four-volume, in-depth, and exhaustive text presents frontiers in current 
research in basic sciences and the biological basis of carcinogenesis, tumor progres-
sion, metastases, and recurrence. The breadth and depth of the biology of squamous 
carcinoma covered in the text by global experts is impressive. Equally well covered 
are the chapters on diagnosis, treatment, operative technical details, and outcomes: 
both functional and oncologic. Each chapter is well illustrated with photographs, 
and superb artwork, to convey to the reader the intricate details from biological 
processes, to surgical techniques. Each and every chapter is accompanied by an 
endless list of references, to make this a “go to” resource and a reference text on the 
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topic. This opus of oral oncology from molecular signatures to CAD-CAM technol-
ogy in reconstructive surgery is a one of a kind publication on this subject published 
in a long time.

The four-volume set in Contemporary Oral Oncology, will have a solid place in 
the libraries of medical schools, postgraduate institutions, Cancer centers, and spe-
cialty departments in Universities. It is a wonderful state-of-the-art resource for the 
trainee as well as the practitioners of oral oncology, to remain current with the topic, 
and as a ready reference in basic and clinical research as well as day today manage-
ment of patients. This exhaustive work stands alone in the presentation of biology, 
diagnosis, clinical care, prevention, and outcomes in oral cancer.

Jatin P. Shah, MD, PhD(Hon), DSc(Hon),  
FACS, FRCS(Hon), FDSRCS(Hon),  

FRCSDS(Hon), FRACS(Hon)
Professor of Surgery

E W Strong Chair in Head and Neck Oncology
Memorial Sloan Kettering Cancer Center

New York, NY, USA
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Oral oncology is emerging as a distinct discipline. Comprehensive management of 
oral cancer requires multidisciplinary input of interconnected specialties. Every 
aspect of the management from diagnosis, treatment, reconstruction, and rehabilita-
tion has biological basis. The biologic understanding of oral cancer and the treat-
ment is changing with time. Understanding and updating developments in each of 
the related fields are essential to offer the patients the best possible treatment.

This book, in four volumes, is an in-depth reference guide that covers all aspects 
of the management of oral cancer from a multidisciplinary perspective and on the 
basis of a strong scientific foundation. Individual volumes are devoted to tumor 
biology, epidemiology, etiology, and prevention; diagnosis and treatment options; 
reconstructive surgical techniques; and rehabilitation and supportive care. By inte-
grating current scientific knowledge into a manual for comprehensive care of the 
oral cavity cancer patient, this book is expected to fill a substantial void in the litera-
ture. Further key features are attention to the practical significance of emerging 
technology and the inclusion of contributions from authors in diverse geographic 
locations and practice settings in order to ensure that the guidance is of global rel-
evance. The text is supported by ample illustrations and by case studies highlighting 
important practical issues.

There is lack of a single multidisciplinary comprehensive reference guide in oral 
oncology. This book is envisioned to fill this substantial void in literature. This book 
is intended for both trainees and practicing specialists in oral oncology. During my 
training, clinical practice, and research, I had the opportunity to gain knowledge and 
skills from different disciplines that includes dentistry, medicine, oral and maxillo-
facial surgery, general surgery, otolaryngology, plastic surgery, and basic science 
research spanning three continents. This unique opportunity provided me an insight 
into the importance of cross-fertilization of ideas from different disciplines and geo-
graphic regions. This book is an attempt to impart that principle to the field of oral 
oncology.

The first volume is dedicated to tumor biology, epidemiology, etiology, emerging 
role of cancer stem cells, and the prevention of oral cancer. It opens by discussing 
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oral carcinogenesis in general and the role of different carcinogens and human pap-
illomavirus in particular. Global epidemiology and changes in disease prevalence 
are then addressed. Up-to-date information is provided on emerging cancer bio-
markers, and the biologic basis of personalized therapy is explained. Histopathological 
features of malignant and premalignant neoplasms and their relevance to manage-
ment are described. Further chapters focus on the current status of chemopreven-
tion, the management of oral submucous fibrosis, and the value of various diagnostic 
adjuncts. This volume concludes by critically evaluating the efficacy of oral screen-
ing methods.

The second volume deals with diagnosis and management of oral cancer. This 
volume addresses a range of management issues in oral cancer, from imaging and 
staging through to the roles of radiation therapy and chemotherapy. Principles of 
ablative surgery are explained, and neck dissection and sentinel lymph node biopsy 
techniques are described. Detailed consideration is also given to the management of 
complications, salvage surgery and re-radiation, the biologic basis of treatment fail-
ure, and emerging approaches to overcome treatment resistance. The inclusion of 
resource-stratified guidelines will meet the needs of practitioners in different geo-
graphic regions with varying resources.The third volume is devoted to the recon-
structive surgical techniques used in patients with oral cancer. Following introductory 
chapters outlining the general principles of reconstructive surgery in the oral cavity 
and the planning of maxillofacial reconstruction, detailed descriptions of the options 
and techniques employed in reconstruction of each of the functional subunits are 
provided. Important technologic advances are also discussed, including image-
guided surgery, robotic surgery, and tissue-engineered and prefabricated approaches. 
Finally, the current status of face transplantation for maxillofacial reconstruction is 
reviewed.

The last of this four-volume book deals with the most important and often 
neglected aspect of rehabilitation and supportive care. This volume focuses on the 
topic of comprehensive rehabilitation and supportive care in oral cancer. The cover-
age includes the role of maxillofacial prosthodontics, advances in anaplastology 
techniques, and management of oral mucositis during radiation and chemotherapy. 
Holistic and supportive care approaches are discussed, and advice is provided on 
post-therapy surveillance and the use of different measures to assess quality of life. 
Nutritional evaluation and management and issues relating to healthcare economics 
are also considered. This volume will be of interest both to practicing specialists and 
to ancillary service staff involved in the care of oral cancer patients.

This book was authored by leaders in the field from diverse medical disciples and 
geographic regions. I thank the authors whose expertise and hard work that has 
distilled a vast body of information into a clear and detailed discussion of various 
aspects of oral oncology. I would like to express my thanks to the Springer Nature 
for supporting me in developing this book, to Wilma McHugh for project manage-
ment and constant support, and to Abha Krishnan and Eswaran Kayalvizhi for the 
editorial assistance.I have personally benefitted immensely by the tutelage of many 
mentors notably Sripathy Rao, Paul Salins, K. Kamalamma, Adrian Sugar, Anwar 
Perriman, Montague Barker, Paddy Smith, Brian Awry, John Hawksford, Keith 
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Postlethwaite, Leo Stassen, Ian Martin, Andrew Ryan, Collin Edge, Mark DeLacure, 
Wesley Hicks Jr., Thom Loree, Richard Bankert, and my colleagues at New York 
University: Mark DeLacure, Richard Cohen, Robert Glickman, Fang-An Chen; 
Roswell Park Cancer Institute: Wesley Hicks Jr., Hassan Arshad, David Cohan, 
Vishal Gupta, Robert Lohman, Wong Moon, Can Ozturk, Cemile Ozturk, Paul 
Tomljanovich; Amrita Institute of Medical Sciences, Kochi: Subramanya Iyer, Jerry 
Paul, Sherry Peter, Pramod Subash, Maria Kuriakose; and Mazumdar-Shaw Cancer 
Center, Bangalore: Vikram Kekatpure, Amritha Suresh, Naveen Hedne, Vijay Pillai, 
Vinay Kumar, and Praveen Birur. Many of their thoughts will be reflected in this 
work. I am also indebted to my clinical and research fellows at New York University, 
Amrita Institute of Medical Science, Mazumdar-Shaw Cancer Center, Roswell Park 
Cancer Institute, and research associates and doctoral students at Mazumdar-Shaw 
Center for Translational Research, Bangalore.

Buffalo, NY, USA� Moni Abraham Kuriakose, MD, FDSRCS, 
FFDRCS,FRCS(Edn),FRCS
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Reconstructive Surgery in Oral Cancer

Subramania Iyer, Deepak Balasubramanian, 
and Rinku George

Defects resulting from the treatment of oral cancers can lead to devastating psycho-
logical and functional deficits. Adding quality to the cure has been given importance 
in the current management of these cancers, in which reconstructive surgery has 
taken a lead role. The reconstructive armamentarium has expanded much during the 
past few decades offering the surgical oncologist a variety of methods to choose 
while the reconstruction is being considered. This paper will briefly look into the 
progress that has been made in oral cancer reconstruction, discuss the various 
options, and provide an algorithmic approach to help in choosing the appropriate 
method of reconstruction in a particular defect.

1.1	 �General Principles of Reconstruction as Applied 
to Reconstruction of Defects Resulting from Oral Cancer 
Resection

Reconstructive surgery has undergone vast changes in the past few decades. In the 
modern era, practice of reconstruction dates back to the 1930s. Carl Eggers [1] in 
Annals of Surgery in 1938 describing an elegant method for forming a subcutane-
ous tube for esophageal reconstruction exemplifies the yearning of surgeons to 
devise novel reconstructive methods. The importance of retaining the blood supply 
of the composite tissue moved in to cover the defect was getting recognized in the 
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1960s. This concept was initially used in the reconstruction of head and neck defects 
by McGregor who described the forehead flap based on the superficial temporal 
vessels [2]. Similarly another flap, which has remained a workhorse and relevant 
even today, is the deltopectoral flap described by Bakamjian [3]. Subsequently the 
era of myocutaneous flaps started which heralded the concept of primary recon-
struction in head and neck cancers. The initial report was that of the use of platysma 
myocutaneous flap in 1978 by Futrell [4]. But the pioneering effort was from Ariyan 
who described the pectoralis major myocutaneous flap in 1979 [5]. The pectoralis 
major flap remains a workhorse flap even today. This was followed by a plethora of 
myocutaneous flaps like trapezius [6], latissimus dorsi [7], and sternomastoid [8] 
flaps. Even bone-containing flaps like sternomastoid with clavicle and trapezius 
with scapula were described to reconstruct composite resections [9, 10].

The next revolutionary change in the concept of reconstruction of head and neck 
cancer defects came with the advent of free tissue transfer using microvascular tech-
niques. Krizek [11] first reported the feasibility of microvascular reconstruction, but the 
first successful clinical case was reported by Daniel in 1973 [12]. Following this, every 
conceivable tissue from all over the body with different tissue compositions has been 
successfully transferred to the head and neck to reconstruct defects. This achieved the 
important objectives of allowing for multiaxial reconstruction of large defects and trans-
fer of special functions like sensation and movements. Even though free flaps have not 
significantly affected the cumulative survival rates in head and neck cancers, they have 
allowed the oncologist to treat more advanced cancers with surgery and maintain the 
survival rate [13]. Currently, free flap reconstruction has become the preferred technique 
in reconstruction of the majority of head and neck cancer defects. The most significant 
improvement that has been achieved with their application has been in the reconstruc-
tion of bony mandibular defects and defects following extensive skull base defects.

1.2	 �Oral Cavity Subsites and Their Reconstructive 
Requirements

The subsites of the oral cavity include the buccal mucosa, floor of the mouth, retromo-
lar trigone, tongue, and the hard palate. All these have distinctive patterns of spread of 
the tumors thereby dictating the surgical treatment. In addition, they also have differ-
ing reconstructive requirements based on their structure and function. Even though 
the lips do not qualify to be included as oral cavity subsite due to their differing onco-
logic behavior, they are also dealt in this discussion since reconstruction of lip and 
commissure defects are of paramount importance for the functional rehabilitation.

1.3	 �Lips

Lips are covered externally by the skin and internally by mucosa containing in 
between them the sphincter muscle orbicularis oris. A lip seal is essential for proper 
swallowing as well as articulation. Hence, maintaining adequate lip height allowing 
them to meet as well as a sphincter action becomes the most important factors when 
reconstruction of the lip defects is considered. For the sphincter action, both upper 
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and lower lip integrities are required. But loss of lower lip is functionally more 
significant since the barrier effect of the lower lip is lost. The resultant drooling can 
be a severe handicap. Most of the lip defects, which are seen in the reconstructive 
practice, are limited to the lips only. These are managed by local rearrangement of 
the lip tissues or utilizing the adjacent soft tissues. But occasionally the lip defects 
accompany extensive buccal mucosal defects where the management is difficult and 
may need import of tissue from distant areas.

1.3.1	 �Principles of Lip Reconstruction

Small lip defects should always be replaced with lip tissue itself. This gives excellent 
outcomes as the sphincter action is maintained giving good functional results and also 
good esthetic results. But larger defects may require non-lip tissue (cheek flaps or free 
flaps) for reconstruction, which unfortunately are suboptimal esthetically and poor 
functionally. Using the skin creases that surround the lips for placing incision can help 
hide the scars and incision lines (e.g., nasolabial fold, the mentolabial sulcus).

1.3.2	 �Lower Lip

1.3.2.1	 �Isolated Mucosal and Skin Defects
Mucosal advancement from either side is the choice after lip shave for mucosal 
diseases. The skin defects can be covered by grafts, but may result in esthetically 
unappealing result in hair-baring area in males. Here, conversion of the defect to 
full-thickness one and applying direct closure might be better options.

1.3.2.2	 �Full-Thickness Small Defects
More tissue is available in the lower lip for mobilization than in the upper lip due to 
the laxity of the lower lip. Hence, larger defects of the lower lip can be closed pri-
marily when compared to the upper lip especially in the elderly. Thus defects up to 
one-third or more of the lower lip can be closed primarily, whereas in the upper lip, 
defects that can be closed likewise are smaller.

Primary closure of the defects is facilitated by a “V”-shaped excision. The base 
of the V should be in the lip margin which should be slightly angled to merge with 
the orientation of the resting tension lines in that particular part and also to blend 
into the mentolabial crease.

1.3.2.3	 �Defects More Than One-Third But Less Than One-Half 
of the Total Length

Recruiting tissue from adjacent area usually by a local flap should close these defects. 
Abbe or Estlander flaps are useful in these defects; the former for central and the lat-
ter for lateral defects. These are based on the labial vessels of the upper lip. The flap 
is designed in the upper lip one-half as wide as the defect in the lower lip.

For lesions that are more appropriate for rectangular resection, reconstruction 
with a Schuchardt procedure can be considered [14, 15]. The remaining lip is slided 
from one side or both sides with labiomental skin and gingivobuccal mucosal 
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incisions. The side, which allows greatest advancement, is chosen for the flap. This 
advancement can also be done using the step ladder principle.

1.3.2.4	 �Defects More Than One-Half But Less Than Two-Thirds 
of the Total Length of the Lower Lip

These defects need recruitment of tissues from the adjacent cheek. Gilles fan flap, 
Webster-Bernard flap, and Karapandzic flap are some of the flaps available [16, 17]. 
The Karapandzic flap is the most useful since it tries to restore the sphincter function. 
This is a rotation-advancement flap which maintains the nerve supply of the orbicu-
laris muscle. The main drawback of the flap is the narrowing of the oral aperture.

1.3.2.5	 �Defects More Than Two-Thirds or Total Lower Lip Defects
Tissue from other areas needs to be imported to reconstruct these defects. Bilateral 
nasolabial flaps, Webster-Bernard flap, or a microvascular free flap can be used in 
these large defects. In the Webster-Bernard flap, the cheek tissue is medially 
advanced to form the neolip excising the tissue near the nasolabial fold to permit 
this advancement. Bilateral nasolabial flap interdigitating to form both the surfaces 
of the entire lip is another option (Fig. 1.1a–c). This has the inherent benefit of a 

a

b

c

Fig. 1.1  (a) Lesion lower lip, bilateral nasolabial flap marked. (b) Nasolabial flap inset. (c) Late 
result showing good lip competence

S. Iyer et al.



5

superior suspension to the reconstructed lip which may prevent its subsequent ever-
sion. While considering free flaps, a thin flap like the RFFF may be the best option. 
The sphincter action may need to be restored using facial or palmaris longus tendon 
sling (Fig. 1.2).

1.3.3	 �Upper Lip

The closure of defects more than one-fourth but less than one-half depends on the 
location of the defect, whether it is a midline defect or a lateral defect, and the laxity 
of the skin. In old patients with very lax tissue, defects of up to one-half the total 
length of the lip can be closed primarily. In a midline defect of the upper lip, a cheek 
advancement flap with peri-alar crescents or an Abbe flap is an option. The lateral 
defects can be closed with an Estlander flap, where further correction of microstoma 
is done at a later stage. When Abbe flap is designed, positioning the Abbe flap in the 
middle of the lip gives the most acceptable donor site scar than scars in the lateral 
part. The width of the flap could be limited to one-half of the defect to be recon-
structed [18, 19]. Larger defects of the upper lip may require import of distant tis-
sue, either pedicled or free. Forehead, reverse submental, superficial temporal-based 
hair-bearing, and radial forearm flaps have been used in these defects.

1.4	 �The Tongue and Floor of the Mouth

The tongue plays a very important role in aiding speech, mastication swallowing, and 
taste. Functional characteristics vary greatly within the tongue; hence, the recon-
structive goals also differ in tongue defects in relation to their position and the vol-
ume. The tip has the most mobility followed by the lateral surfaces. The extremely 
mobile tip region plays a major role in articulation. It is difficult to replicate the loss 
of tip by any flap due to their inherent heaviness of the flap tissue. The central part 
provides the bulk, as it forms the anterior wall of the oropharynx. The lateral tongue 
tissue is also relatively more mobile than the base and plays a role in articulation. But 
the major functional role it plays is in swallowing. The bolus propulsion into the 

Fig. 1.2  Radial forearm 
free flap for total lower lip 
reconstruction
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oropharynx depends on its mobility, bulk, as well as the presence of a well-formed 
sulcus. The central and posterior tongue has its functional role mainly in the oropha-
ryngeal bolus transport for the swallowing. Hence, bulk is important while consider-
ing reconstruction of defects of this area.

1.4.1	 �Classification of Glossectomy Defects

The defects can be classified based on the volume of the tongue resected. The groups 
reflect the functional disability caused by the resection as well as the need for tissue 
replacement. For the mobile anterior tongue, this can be as follows:

	(a)	 Less than one-third defects
	(b)	 One-third to one-half tongue defect
	(c)	 Subtotal and total resections

Variable amounts of the base tongue may be an additional component in the 
resection especially in subtotal or total resections of the mobile tongue.

The volume of the resection-based classifications has an inherent drawback that 
they do not always represent the functional implications. For example, the loss of tip 
or the sulcus mucosa and floor of the mouth will have differing functional implica-
tions when reconstruction is considered. However, they give an easier practical way 
of creating an approach to decide the reconstructive option.

	(a)	 Less than one-third defects
Small tumors of the tongue require a partial glossectomy and the resultant 

defect if less than one-third need not be reconstructed. Reconstruction in these 
small defects may hinder the movement of the normal tongue and adversely 
affect speech especially if the tip is preserved [20] (Fig. 1.3).

	(b)	 One-third to two-thirds
Controversy still exists whether a hemiglossectomy defect is left unrecon-

structed or not. Either free or regional flaps are used to reconstruct defects of 
this size. The choice depends on whether the defect includes the floor of the 
mouth also. Figure 1.4 depicts the algorithm followed by the senior author to 
choose the method in these subgroups. Free flaps are preferred over pedicled 
flaps since they do not have the constraining effects of the pedicle on the recon-
structed tongue. When the floor of the mouth is available for suturing, the 
reconstructive options include the lateral arm (Fig. 1.5a, b)), radial forearm, and 
anterolateral thigh (ALT) flap. When extensive floor of mouth resection is done 
leaving no fringe of mucosa for suturing, formation of a sulcus may be 
attempted. This is done best by using a radial forearm flap or an ALT flap with 
radical thinning of one edge at the region of the sulcus (Fig. 1.6a, b). Among the 
pedicled flaps, only the submental flap equals the qualities of the free flaps. Buts 
its use is limited to female patients with enough submental skin laxity and with 
no gross involvement of the lymph nodes by the disease (Fig. 1.7).

S. Iyer et al.



7

Fig. 1.3  Post-op of a laser excision with less than one-third defect of the tongue – well-healed 
tongue with no limitation of movement

Partial tongue reconstruction
according to defect size

Less than 1/3

No reconstruction
(Laser excision)

Lateral arm
radial forearm

ALT
submental

Radial forearm
ALT with thinning

No Yes

Floor of mouth

Between 1/3 and 2/3
(Hemi)

Fig. 1.4  Algorithm for tongue reconstruction
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a

b

Fig. 1.5  (a) Lateral arm flap harvested. (b) Flap being inset

a b

Fig. 1.6  (a) Differential thinning of ALT flap for tongue and floor mouth reconstruction for recre-
ating of the sulcus. (b) Healed ALT flap showing a well-formed sulcus in the right floor mouth
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1.4.2	 �Base of the Tongue and Total Glossectomy Defects

Small base of tongue defects can be closed primarily. If transoral laser surgery has 
been used for the resection, the defects are left unsutured for spontaneous healing.

In larger defects, the functional problem to be addressed includes preventing 
dysphagia in the oropharyngeal stage due to the loss of bulk of the tongue base. 
Equally important is the prevention of aspiration while swallowing. Whether the 
larynx is preserved or not for oncologic clearance will dictate the reconstructive 
method. If laryngectomy is carried out in association with glossectomy, the recon-
struction becomes simplified. The only requirement would be a bulky skin line 
flap, which forms the food conduit in the oral cavity and oropharynx. This could be 
either by a pedicled pectoralis major myocutaneous flap or free flaps like anterolat-
eral thigh or rectus abdominis flaps. In younger patients and where the disease is 
clearly away from the vallecula, total or base tongue glossectomy sparing the lar-
ynx is possible. In these cases, flaps like rectus abdominis or ALT will be more 
appropriate [21].

Dynamic muscle reconstruction has been attempted using reinnervated musculo-
cutaneous flaps like rectus abdominis, gracilis [22], and ALT flaps. Innovative 

Fig. 1.7  Harvested 
submental flap for tongue 
reconstruction. Note the 
thin pliable skin
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provision of dynamic bulk and secreting mucosal surface has also been reported 
combining gastro-omental flap and gracilis muscle [23].

The senior author for reconstruction of larger tongue defects follows the algo-
rithm depicted in Fig. 1.8.

1.5	 �Floor of the Mouth

The floor of mouth defects could be either very shallow or deep depending on the 
depth of tumor infiltration. The defect may include a marginal mandibulectomy 
(Fig.  1.9). The reconstructive requirements for a floor of mouth defect includes 
provision of a supple and soft epithelial cover to prevent subsequent fibrosis as well 
as filling up the deep cavity to prevent a sump effect leading to salivary collection. 
The associated marginal mandibulectomy defect will require cover with a vascular-
ized flap. The drawback of most of the flaps used in floor of mouth reconstruction is 
the excessive bulk. This leads to pushing up of the tongue as well as eversion of the 
lips. The reconstructive methods available include the use of full-thickness skin 
grafts, locoregional flaps like nasolabial (Fig. 1.10a, b) and infrahyoid flaps, and 
free flaps like radial forearm flaps. Even though sometimes ideal due to their 

Total loss of mobile tongue

Larynx/mandible preserved

Yes
No

PMM flap

Bulk alone                   ALT, Rectus, PMM flap

Bulk/movement           Gracilis with skin
              Gracilis with stomach
     Rectus abdominis with skin

Fig. 1.8  Algorithm for total glossectomy defects
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thickness, full-thickness grafts can be a problem since their take is not assured and 
their behavior during the subsequent radiation therapy cannot be predicted.

1.6	 �Cheek and Buccal Mucosa

The cheek defects can be classified for the reconstructive purposes by the extent of 
their depth. The defects could be shallow or deep. They could be full thickness with 
or without mandibular and maxillary loss. The reconstructive requirements also 
vary accordingly. In general, the buccal mucosal replacement needs to be with thin, 
hairless, and pliable tissue. The algorithmic approach for deciding the 

Fig. 1.9  Floor of mouth 
defect with associated 
marginal mandibulectomy

a b

Fig. 1.10  (a) Nasolabial flap being inset into the floor of the mouth. (b) Shows 6-month post-op 
of the nasolabial flap
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reconstructive methods is described in Fig. 1.11. For shallow defects, simple meth-
ods like full-thickness grafts or buccal pad of fat could be used. The buccal pad of 
fat could be teased out to cover a large area and left to mucosalize by itself 
(Fig. 1.12a, b). The deep mucosal defects with or without exposed bone (marginal 
mandibulectomy) will need flaps. Regional flaps that could be used include sub-
mental flap (Fig. 1.13) in a female patient or less commonly infrahyoid or platysma 
flaps. But a free radial forearm flap is the common and appropriate choice in major-
ity of the defects (Fig. 1.14).

Full thickness 

ALT
Radial forearm

Pec major, ALT
or

mandible recon

Platysma,
submental, RFF

Skin graft
buccal pad

Deep/marg.
mandibulectomy

Shallow

Partial thickness

Without mandibular
Segmental defect

With mandibular
Segmental defect

Oral cavity-cheek

Fig. 1.11  Algorithm for cheek defects

a b

Fig. 1.12  (a) Cheek defect covered with buccal pad of fat. (b) Buccal pad epithelialized well 
4-month postoperative
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Fig. 1.13  Submental flap for cheek defect in a female patient

Fig. 1.14  Radial forearm 
flap for a buccal mucosa 
defect
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1.7	 �Mandible

Reconstruction of mandible in itself is a subject of detailed discussion which is 
beyond the scope of this chapter. However, the principles of reconstruction as well 
as an algorithmic approach to make the choice will be dealt with.

Continuity of the mandible is essential for preserving the form of the face and 
functions of speech and swallowing. Hence, its reconstruction becomes an impor-
tant factor which determines the quality of life of many surgically treated oral can-
cer patients. Reconstruction is mandatory in central mandibular defects to prevent 
debilitating Andy Gump deformity. Even though not mandatory, reconstruction of 
the lateral mandibular defects is important in younger and dentate patients in order 
to retain or rehabilitate occlusion. The principles of mandibular reconstruction are 
depicted in Fig. 1.15a, b.

When mandibular reconstruction is contemplated, free vascularized bone is the 
choice in post-oncology treatment-related defects. This is necessitated by to the 
presence of radiation therapy, either in the past or as an adjuvant in the management 
of these patients. Non-vascularized bone or alloplastic materials will not withstand 
the detrimental effects of present or past radiation therapy. Free fibula flap is the 
choice for vascularized bone replacement in most of the centers (Fig.  1.16a–d). 
Scapula, iliac crest, or radius also could be used as the bone for reconstruction. The 
choice of flap depends on the site and extent of bony and soft tissue defect as well 
as institutional practices. In general, free fibula with or without another soft tissue 
flap will be sufficient in all the situations. If pedicled flaps incorporating bone is to 
be chosen as the method, pectoralis major muscle incorporating the sternum might 
be the best choice. They may be considered in the cases where medical fitness 
doesn’t allow free tissue transfer, when free flaps have failed after repeated attempts, 
or when expertise cannot be sought. However, if possible, a vascularized bone free 
flap will be more ideal.

1.8	 �Hard Palate

The palate forms the separation between the oral and nasal cavities. Hence, the pri-
mary aim of reconstruction of these defects is achieving oronasal separation. The 
defects can be lateral, central or extensive, and bilateral (Fig. 1.17a, b). Involvement 
of the soft palate in the resection makes the reconstruction complex, where the 
objectives will include, in addition, achieving velopharyngeal competence.

Using obturator is an excellent choice in cases where fabrication and retention 
of it is possible. This will need good dentition and mouth opening. However, the 
obturator may need to be very large even for a small defect. Achieving velopha-
ryngeal competence using an obturator is practically difficult. Hence, in these 
situations as well as in patients where obturator fashioning and retention is diffi-
cult due to lack of teeth and presence of trismus, reconstruction becomes a better 
choice.

S. Iyer et al.
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Reconstruction of the palatal defects can utilize locoregional tissue or free flaps. 
Facial artery myomucosal flaps can close smaller lateral defects (Fig. 1.18). Palatal 
transposition flaps are also useful in reconstructing smaller defects. Temporalis 
myofascial flaps can close larger unilateral defects (Fig. 1.19), but have an inherent 
possibility of causing trismus occasionally. Larger defects generally need free tissue 
transfer and radial forearm flap suits them best (Fig. 1.20). The dorsal surface which 
is open to the nasal or sinus cavity can be reinforced by a layer of fascia which has 

Reconstruction of mandible
in defects related to cancer

Lateral defects Anterior defects

Dentate
young

Edentulous
elderly

Only soft tissue reconstruction

Bony reconstruction

Large Fibula Fibula Fibula

Minimal to
moderate

Defect positionReconstructive
need for soft
tissue

Combined

FibulaFibula
DCIA
Scapula

Fibula
DCIA
Scapula

LateralAnterior

(Pec
Major/ALT)

And another soft
tissue flap

a

b

Fig. 1.15  (a) Algorithm for need of bone flap. (b) Algorithm for the choice of bone flap
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a

c d

b

Fig. 1.16  (a) OPG of an alveolar tumor on the left lower alveolus. (b) Post-op of the patient with 
a reconstruction done by a fibula free flap. (c) Post-op showing good cosmesis and occlusion. (d) 
Post-op OPG showing a well-healed vascular bone

a b

Fig. 1.17  (a) Lesion in the hard palate. (b) Hard palate defect after excision

S. Iyer et al.
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Fig. 1.18  Well-healed FAMM flap in the hard palate

Fig. 1.19  Temporalis flap 
for palatal defect
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been turned over to give added protection to the exposed pedicle. When soft palate 
excision is necessitated, suturing a superior-based posterior pharyngeal flap onto the 
dorsal surface of the radial forearm flap can prevent velopharyngeal incompetence.

1.8.1	 �Facial Skin Defect

Local flaps because of the color and texture match are ideally suited for facial skin 
reconstructions. Please see chapter of local and regional flaps by Dr. Fernandes. 
Various flaps are designed to align the incision lines along the line of tension 
(Fig. 1.20a–c). In addition, whenever possible, replacing the entire facial esthetic 
subunit rather than partial replacement leads to better esthetic result (Fig. 1.21).

�Conclusion

Ablative surgery in the oral cavity results in esthetic and functional deficits. 
Reconstruction of such defects needs a careful understanding of the function and 
proper application of a suitable flap for reconstruction. Microvascular recon-
struction permits adequate reconstruction especially in bony and skull base 
defects.

Fig. 1.20  Two-year postoperative result showing partial mucosalization of a radial forearm flap 
for the palate

S. Iyer et al.
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2.1  �Introduction

The primary aim of treatment of patients with oral cancer is to remove the disease 
in entirety, thereby saving the patient’s life. Hence, traditionally, treatment out-
comes and research on patients with oral cancer have centered on factors such as 
tumor response to treatment, locoregional control of disease, disease-free survival, 
and overall survival at defined points of time [17]. However, therapeutic interven-
tions for the treatment of oral cancer produce significant amount of disfigurement 
and altered function [44, 46]. During the last couple of decades, providing patients 
with improved functional outcomes has become the goal in treatment of patients 
with head and neck cancers [2, 25, 29]. The therapy decision is as well influenced 
by aspects of life quality after treatment [16, 20, 24, 34]. It has also been suggested 
that, at the time of diagnosis, patients seek prolonged survival, whereas following 
curative treatment patients’ concerns shift from survival toward improvement and 
maintenance of their quality of life [33, 40].
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Due to these aspects, additional goals for the treatment of oral cancer have been 
developed. Providing good functional and aesthetic outcomes to achieve satisfactory 
quality of life has gained importance, in addition to the main goal of curative treat-
ment. The goal of modern maxillofacial reconstructive surgery is the restoration of 
form as well as rehabilitation of function. When the jawbones have to be resected 
for the treatment of these pathologies, reconstruction is centered on providing opti-
mal functional outcomes (in terms of masticatory rehabilitation) as well as 
aesthetics.

Over the past decades, the fields of medical imaging and imaging-based applica-
tions have grown. These have greatly influenced maxillofacial reconstructive sur-
gery. Computed tomographic scans have been the method of choice to conduct 
preoperative planning [11, 39]. Cone beam tomography (CBT) has been an alterna-
tive technique for imaging of the recipient site, especially during functional plan-
ning [39]. Moreover, surface scanning techniques have also been utilized for 
imaging the soft tissue and dentition (intraoral scan).

2.2  �Rationale for Planning of Maxillofacial Reconstruction

2.2.1  �Complexity of the Facial Bones

Ablative treatment for oral cancer often involves the removal of parts of the maxilla 
or mandible and associated structures. Ablative treatment of maxillofacial bony 
structures is also performed in cases of large benign tumors involving the jaws, 
infective conditions such as osteomyelitis as well as large traumatic defects. The 
jawbones are bones with anatomic as well as functional complexities. There are no 
other bones in the human body, which have a similar function and anatomic shape 
of that of the jawbones. Hence, replacement of jawbones are technically challenging 
wherein planning forms an important step in treatment.

The shape of the mandible may be described as a three-dimensionally complex, 
horseshoe-shaped long bone. The condyle and ascending ramus of the mandible are 
oriented in a vertical plane. They are joined to the body of the mandible, which lies 
in a horizontal plane. Further medially, the body of the mandible curves in the sagit-
tal/transverse plane to form the symphysis, which meets the counterpart symphysis 
of the other half. In addition to the complex overall structure of the mandible, the 
body and symphysis portion of the mandible need further special attention in recon-
structive surgery as they house the functional units of dentition. The alveolar pro-
cess of the mandible, which functions to bear the teeth, is in a different sagittal/
transverse plane when compared to the corresponding inferiorly placed basal bone 
which is responsible for the external form and aesthetics. This is often referred to as 
the “two arch” concept. The “alveolar arch” is medially placed when compared to 
the “basal bone arch.” In order to replicate the anatomy of the mandible, especially 
the height of the mandible in the tooth-bearing segment, it is often necessary to 
perform a reconstruction taking into effect the two arches. In case where a straight 
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bone like the fibula is chosen as the flap, a double-barrel reconstruction has to be 
performed, where the fibula bone is osteotomized and placed over each other to 
increase the height of the reconstruction. The two barrels of the fibula will not be 
exactly over each other as the alveolar strut of the bone must be medial as compared 
to the basal strut of bone.

The shape of the maxilla is even more complicated and difficult to anatomically 
reproduce. Therefore, the goal in bony reconstruction of the maxilla is to provide a 
stable bony base that can form a secure alveolar ridge for the support of implants, 
thereby leading to a possibility of dental rehabilitation. Additionally, if areas of 
aesthetic importance of the maxilla and associated bones are removed (such as the 
zygomatic prominence), they have to be reconstructed to restore symmetry and aes-
thetics. It is obviously technically challenging to shape a straight bone like the fibula 
to functionally reconstruct the maxilla. Hence planning in reconstructive surgery is 
extremely important to shape the donor flap to conform to the recipient defect.

2.2.2  �Improving Functional Outcomes

In cases where jawbones have been resected due to oral cancer or other pathologies, 
various reviews have shown that only about 15–25 % of patients that have been 
reconstructed end up with functional dental rehabilitation, the remainder of patients 
staying functionally crippled [9, 36]. These functionally crippled patients are often 
of low self-esteem, avoid social gatherings, and are frequently dependent on others 
for basic needs such as dietary preparation. Many factors are responsible for the low 
rates of functional rehabilitation in reconstructed patients. Unavoidable reasons 
could be poor medical status of the patients that do not favor the placement of 
implants for dental rehabilitation, poor disease control, and patient wishes, where 
they do not want to undergo additional procedures for complete oral rehabilitation. 
Financial reasons could also be an important factor for patients in many countries 
where there is no insurance that covers for rehabilitation following oral cancer. 
However, one of the most important reasons for such a low rate of rehabilitation, 
which could be avoidable, occurs when there was poor planning. In these cases, the 
reconstructed bone is in a poor anatomic relation to favor oral rehabilitation with 
implants. Proper planning and accurate execution are the most important factors to 
enable successful functional rehabilitation.

2.2.3  �Improving Communication Between Treatment  
Team Members

To provide successful functional rehabilitative treatment outcomes, many team 
members are involved in the treatment of the patient. From a purely maxillofacial 
reconstructive point of view, these teams consist of the ablative surgeon responsible 
for the resection of the tumor and curative treatment, the reconstructive surgeon 
responsible for reconstruction of the defect. Additionally a maxillofacial surgeon 
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cares for dental implants and an adequate gingival soft tissue condition, so that the 
prothodontist could finish the functional rehabilitation. The clinical delivery of the 
interim and definitive prosthesis is the responsibility of the maxillofacial prosth-
odontist, who in turn relies on the maxillofacial laboratory technician to fabricate 
the prosthesis.

Poor communication between the vastly different teams would result in poor 
functional outcomes. Strong communication generally exists between the ablative 
and reconstructive teams. However, the communication with the prosthetic and 
rehabilitation team prior to ablative surgery is often not optimal. Often, the maxil-
lofacial surgeon and the prosthodontist are involved a few months after the patient 
has been reconstructed, when the patient is sent for an opinion regarding rehabilita-
tion possibilities. The bony reconstruction would have been already completed and 
might not be in a functionally ideal position. To obtain functionally favorable out-
comes, the patient would then have to undergo further bony as well as soft tissue 
surgical procedures such as additional bone grafting, re-osteotomy to reorient the 
bone segments, vertical distraction osteogenesis, vestibuloplasty, soft tissue graft-
ing, etc. These additional surgical procedures subject the patient to further difficul-
ties, financially as well as otherwise, that may lead to demotivation and apathy of 
the patient and incompliance.

Modern planning methods that envision the end functional result prior to ablative 
surgery can eliminate most of these problems. A robust planning tool will greatly 
improve the communication in between the various team members and will provide 
a blueprint for the team members to execute their respective roles. The planning tool 
can also be used to communicate to the patient on the probability of their treatment 
outcomes, thereby providing positive motivation and incentive to undergo func-
tional rehabilitation.

Since 3D imaging has been introduced in ablative cancer surgery, surgeons have 
the chance to visualize the extent and infiltration of the tumor into the surrounding 
tissues and can plan the resection margins very precisely [15]. This close communi-
cation is important, as any intraoperative spontaneous change of the resection bor-
ders makes the surgical planning useless.

2.2.4  �Decreasing Treatment Time

As described before, reconstruction of the complex jawbones is technically chal-
lenging. Without the help of surgical templates, the osteotomy of the donor site flap 
to shape and inset into the three-dimensional recipient defect is frequently time 
consuming. Conventional eyeball osteotomy, shaping, and insetting procedures are 
typically done after the flap has been detached from the donor site and introduced to 
the recipient site by trial and error method. This leads to increased ischemia time 
and a sense of haste while performing the procedure. Additionally, bending and 
shaping of the osteosynthesis plates, without preoperative planning, can lead to fur-
ther time consumption. However, with the development of technology and meticu-
lous planning tools, the shaping of the donor site can be made according to 
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predefined osteotomy patterns that can be performed at the donor site, with the 
vascular pedicle still intact. Provision is also made to incorporate placement of den-
tal implants and loading of interim dentures that can decrease not only the operative 
time, but also overall treatment time. With meticulous planning, prior bending of 
osteosynthesis reconstruction plates, or even manufacturing of customized osteo-
synthesis plates are possible, thereby decreasing the difficulty and time consump-
tion during surgery. A decrease in surgical time ultimately leads to decrease in 
treatment costs as well as the possibility of more patients to be treated faster.

2.2.5  �Decreasing the Learning Curve

Traditionally, mastering of reconstructive maxillofacial surgery has been dependent 
on a long learning curve, often with inconsistent results during the skill acquisition 
phase [37]. Although flap harvesting and microvascular anastomses are relatively 
straightforward procedures, one of the main areas of skill acquisition is the process 
of shaping and insetting the flap into the recipient site that would result in a func-
tionally and aesthetically favorable outcome. Until recently, the overall success in 
maxillofacial reconstruction has relied mainly on the use of two-dimensional imag-
ing modalities as well as trial and error. With the use of planning methods, virtual 
surgical planning and CAD CAM-based modeling, it has been easier to predictively 
perform reconstructive surgery thereby permitting many more surgeons to perform 
the procedure.

2.3  �Imaging Considerations in Planning for Maxillofacial 
Reconstructions

Since 3D imaging has been introduced in ablative cancer surgery, surgeons have the 
possibility to visualize the extent and infiltration of the tumor into the surrounding 
tissues and can plan the resection margins to great accuracy [15].

Multiple modalities have been used to diagnose and image tumor margins in 
patients with oral cancer. MRI, CT (with and without contrast), and PET/CT imag-
ing have been evaluated for diagnosis of soft tissue involvement without significant 
differences between the imaging modalities [6, 32]. For bone resection planning, 
however, the CT scan has the best contrast and highest resolution. CT scan can be 
used to acquire data from both the tumor site and the donor site. Cone beam com-
puted tomography can also be used to acquire data of the hard tissues; however, they 
are limited to the oral region and not from the donor site. The advantage of cone 
beam computed tomography is that it is less expensive as well as it subjects the 
patients to lesser dosage of radiation. Additionally, surface-scanning procedures 
such as photogrammetry or laser surface scanning procedures may be used for accu-
rate visualization of the patient’s facial surface topography or for 3D image captur-
ing of dental models. The data from all imaging modalities mentioned above are in 
DICOM format, which stands for Digital Imaging and Communication in Medicine 
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[4], except surface scanning procedures, which are stored in .stl (Standard 
Triangulation Language) format.

For the planning of microvascular flaps, the preoperative imaging by computed 
tomographic angiography (CT angio), MRI catheter angiography, or Doppler ultra-
sound scanning has become standard examination modalities to evaluate the perfo-
rator status or to investigate the blood perfusion of the donor site (e.g., the lower 
limb before the microvascular fibula transplantation). Not only the presence of ves-
sels but also their diameter and length are important information to plan suitable 
donor and receipting vessels ([35]).

Computerized tomography is carried out with a fan beam that rotates around 
the region to be examined. This rotation has to be at least 180°, which allows the 
measurment of specific absorption of each rotation degree. Their subsequent con-
version, dependent on the specific absorption, permits the generation of a three-
dimensional space, called as “voxel” [49]. Computerized tomography takes the 
absorption coefficient of a particular structure as the basis of data generation, and 
hence it is possible to image not only bony structures but also soft tissue structures 
with this modality. In contrast, the cone beam tomography (CBT) procedure is 
characterized by a cone or pyramid-shaped beam projecting onto the region of 
interest. From these individual projection images, the desired voxels are calcu-
lated. One should keep in mind that the calculated voxels based on CT as well as 
CBT resolution are burdened with errors. Theoretically, an improved resolution 
may be achieved by CBT as compared to CT. According to the literature, however, 
a realistically accounting, spatial resolution relates to 0.2–0.3 mm utilizing the 
DVT technique [53].

Virtual planning involves data acquisition, processing, visualization, analysis, 
and eventually computer-assisted design and manufacturing (CAD/CAM) output 
procedures. The workflow for digital planning starts with acquisition of data from 
sufficient imaging. This includes the pathology, the donor flap region as well as its 
perfusing vessel anatomy if the anamnesis suggests arteriosclerosis. Most com-
monly, this is done by CT scans of donor as well as pathology sites, and CT angiog-
raphy when required to determine vascular supply. CT scans are generally carried 
out in 1 mm sections or lower, with 512 × 512-pixel resolution [11]. These data, in 
the DICOM format, are transferred to the computer workstation for further data 
processing. Axial, coronal, and sagittal images can be readily seen, and the neces-
sary diagnosis can be made with these two-dimensional data. Additional to these 
data, the patient’s personal data, the date of recording, and technical information of 
the recording procedure are also available.

However, for digital planning, three-dimensional rendering of the data is 
required. Hence, after acquisition of the data, it has to be processed. To utilize the 
data from CT scans for digital planning purposes, specific computer softwares are 
required that could process DICOM format. Although many softwares are available 
for the same, Osirix® (Pixmeo SARL, Geneva, Switzerland) is described here as a 
representative of free software that is currently available. Osirix® is used both for 
analysis and for handling of DICOM data [1].
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2.3.1  �Surface Rendering for Further Digital Three-Dimensional 
Imaging Planning

There are basically two rendering mechanisms to employ DICOM data for the gen-
eration of three-dimensional objects: surface rendering and volume rendering. For 
bony structures, the surface rendering technique is the method of choice (Fig. 2.1). 
It provides the key to edit clear demarcations of the three-dimensional object to be 
created. However, for soft tissue structures, volume rendering has been recom-
mended. Both techniques are similar, but differ in the underlying algorithms. The 
surface rendering method requires utilization of the “marching cubes algorithm” 
[51]. 3D visualization of CT image data requires a segmentation step that associates 
specific gray values to each tissue. Hence, the specific threshold of the tissue to be 
chosen must be selected. Although it is possible to have a 3D visualization of the 
data in the DICOM format, however for modifying the data such as deleting and 
superimposing structures (typically done for virtual surgery), a change in the file 
format is necessary.

2.3.2  �Stereolithography File Format as the Basis for Further  
3D Processing

The stereolithography file format (STL) can now be considered as the gold standard 
in 3D imaging. Conversion of the DICOM data format made by surface rendering 
into STL format makes it easier to perform virtual surgical steps. Additionally, the 

Fig. 2.1  3D surface 
rendering of a DICOM 
data set. In this patient 
example, a resection defect 
of the mandible was 
bridged using a 
reconstruction plate. 3D 
surface rendering was done 
by the software OSIRIX® 
(Pixmeo, Geneva)
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STL format serves as a common exchange file format to transfer data between dif-
ferent CAD CAM systems.

Basically, a STL file is composed of many small triangles with defined 
3D-coordinates [48]. For example, to obtain an approximation of a circular three-
dimensional surface, it is composed of many small triangles. This results in 
increased accuracy and also the size of the file. In principle, every 3D printer and 
every CAD CAM design software are in a position to process STL files, even in 
cases where a transformation of the STL file into another file may be locked 
(Fig. 2.2).

2.3.3  �Intraoral Scans Serving as Additional Imaging

Intraoral scans are being increasingly used in dentistry, prosthetics, and implantol-
ogy. The concept of digital “backward planning” that has been commonly utilized 
for the implantation of artificial teeth can also be included in the three-dimensional 
reconstruction of bones. For example, to include a fixed prosthetics in the upper jaw 
for the adequate reconstruction of the mandible it appears helpful to conduct an 
intraoral scan of the dental prosthesis [52]. Again, a conversion of the recovered 
data into STL files is possible, and these data can be adapted to data generated by 
CT or CBT. Many times, visualization of dental occlusion in CT data is often erratic 
as it cannot be accurately visualized due to limited resolution of the cuspal and 
occlusal anatomy of the teeth. In addition to metallic dental restorations, orthodon-
tic appliances create scatter and streak artifacts on CT scanning. Hence, surface 
scanning of the plaster cast model or intraoral scanning can provide better accuracy 
of the dental arch. The data from surface scanners can be incorporated to the respec-
tive area of CT Scans.

Fig. 2.2  An STL file for 
further editing after 
conversion from a 
surface-rendered DICOM 
format. This patient 
example shows an 
ameloblastoma of the right 
mandible
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2.3.4  �Virtual Ablative, Reconstructive, and Rehabilitative 
Planning

Several software systems (e.g., IndividualPlan GmbH, Wiesbaden, Germany; 
Mimics®, Materialise; Voxim®, IVS Solutions; Straumann Guide) are commer-
cially available for dental implant planning and fabrication of surgical guides. 
Some of these virtual software solutions allow for the import and exchange of the 
most common medical image data formats used for surgical planning. The latter 
include different 2D and 3D visualization procedures, quantitative assessment 
(e.g., length, angle and volume measurements), mirror imaging and surface 
matching procedures, planning of virtual bone osteotomies or of dental implant 
position, and cephalometric analysis. These programs usually incorporate an out-
put for rapid prototyping model manufacturing. However, more complex image 
processing, analysis and visualization, measurements, and incorporation of cus-
tomized implants require more sophisticated software and tools. In order to do 
this, different software packages must often be combined and data must be 
transferred.

2.4  ��Factors to Be Considered Planning of Maxillofacial 
Reconstruction

The planning for maxillofacial reconstruction consists of three major steps: (1) 
basic considerations; (2) reconstruction plan; (3) transfer into the surgical site 
(Table 2.1).

Table 2.1  Planning 
algorithm for maxillofacial 
reconstruction

1. Basic considerations
 � Diagnosis (mouth opening, function, general health)
 � Prothesis (radiopaque pins or radiopaque teeth)
 � Imaging (including prothesis, double scan with 

nonradiopaque prothesis)
 � Definition of defect size:
 �   (a) Primary reconstruction: resection plan
 �   (b) �Secondary reconstruction: repositioning of the 

condyle, resection of osteomyelitis
2. Reconstruction plan
 � Soft and bone tissue needed
 � Prothodontic rehabilitation plan
 � Length of pedicle needed
 � Flap selection, selection of donor site
 � Positioning and molding of the flap, dental implant plan
3. Transfer into surgical site
 � Dental-based inverse treatment
 � Model-based planning
 � Virtual planning
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2.4.1  �Basic Considerations

Planning for reconstructive surgery is closely dependent on the ablative surgical 
plan, the reconstructive surgery being performed, and the method of functional 
rehabilitation ultimately to be provided to the patient. As these factors vary com-
pletely from one patient to the other, maxillofacial planning is customized to each 
patient being treated.

There are various factors that must be considered while taking into account plan-
ning for maxillofacial reconstruction. Broadly, they must take into consideration the 
patient’s wishes, what kind of functional outcomes they wish to have, and consider 
this input with the background of their medical condition, prognosis of treatment, 
and financial status (if applicable). The planning is dependent on the information 
obtained from various imaging and diagnostic sources. Once this information is 
obtained, the timing for reconstruction surgery (in terms of primary and secondary 
reconstruction) is planned. It is then decided on which reconstructive option is 
suited for the patient in terms of the type of flap to be used. Ultimately, the method 
of prothodontic rehabilitation needs to be considered as well (whether an obturator 
is favorable, or removable prostheses supported on dental implants or fixed dental 
rehabilitation supported on dental implants, or if no dental rehabilitation is required). 
Incorporation of all of these factors is required to ideally plan for maxillofacial 
reconstruction.

2.4.1.1  �Multidirectional Planning
There are various methods to plan for maxillofacial reconstruction depending on the 
availability of materials and equipment. Planning for maxillofacial reconstructive 
surgery is ideally multidirectional. Successful planning envisions the desired 
functional-aesthetic outcome as a starting point. With this goal in mind, which is 
emphatically patient specific, the entire reconstruction is planned step by step, back-
ward. Backward planning starts with fixing the ideal position of functional occlu-
sion. Once the teeth are envisioned in the correct position, the donor site bone is 
planned to be placed according to the functional position. This position of the donor 
site bone placement decided the amount of bone required and the necessary osteot-
omy steps to be carried out to shape the donor bone.

Simultaneously, planning also incorporates forward planning directions. Forward 
planning first takes into account the extent of the tumor, the extent of involvement 
of bony and soft tissue structures, the resection plan, the extent of the resultant sur-
gical defect, the general medical condition of the patient, and the appropriate the 
reconstructive options available. Hence a multidirectional approach, incorporating 
both methods of planning: backward and forward, is essential. Planning for maxil-
lofacial reconstruction hence includes resection, reconstruction, and rehabilitation 
plans, which need to be coordinated to achieve the best result possible.

It is obvious, that, in order to achieve optimal outcomes with a multidirectional 
approach, a comprehensive multidisciplinary team approach is needed. There 
should be excellent coordination between the ablative surgeon, reconstructive sur-
geon and/or maxillofacial surgeon, the prosthodontist, and the laboratory 

F.P. Koch et al.



31

maxillofacial technician. A truly beneficial treatment outcome can only result 
from the active involvement of these individual team members in the planning 
process.

2.4.1.2  �Medical Anamnesis
The starting point for planning starts with the data acquisition of the specific patient. 
The first point to note is the kind of maxillofacial reconstruction and the rehabilita-
tive options the patient desires. Most patients when provided with an option would 
choose to be completely rehabilitated. However, the feasibility and probability of 
the type of functional rehabilitation needs to be carefully considered.

The presenting complaints and the anamnesis status of the patient are important 
factors that would decide the treatment plan. The patient’s general health conditions 
including age decide on the extent of surgery. In patients with a poor general health 
status concerning neurologic or cardiovascular status, it might be wiser to perform a 
shorter and simpler reconstruction by a reconstruction plate and local flaps. In this 
situation, it is important to convey to the patients, the limited possibility of functional 
rehabilitation. The remaining units of dentition can still preserve masticatory func-
tion, if they are not to be resected. The goal of reconstruction is to provide aesthetic 
as well as improving wound-healing outcomes following ablation. If the septum of 
the nose, the orbital floor, and more than one third of the soft palate are affected, 
however, a surgical solution is favored (Shaw et Brown, Lancet Oncol 2010).

When reconstruction by local tissue is planned, surgeons need to coordinate the 
surgical approach for resection and reconstruction: the nutrition patterns of the local 
flaps, the arc of rotation, and the robustness of the pedicle supply have to be consid-
ered. Good communications between the various teams are required especially 
when the ablative surgical team is different from the reconstructive surgical team.

2.4.1.3  �Timing of Reconstruction Surgery
In general a primary reconstruction, immediately after resection, and a secondary 
reconstruction, several month after resection, can be distinguished.

If primary reconstruction is planned for the patient, the anticipated postresection 
defect is taken into consideration for planning. In primary reconstruction for cases 
of slow growing tumors such as ameloblastoma, the original bone could have been 
deformed (Case 2.4 Fig. 2.31a) In these cases, sagittal mirroring must be performed 
to transfer the normal anatomy of the nonaffected side. In most cases of midface 
reconstructions, sagittal mirroring would need to be performed to estimate the 
asymmetry and plan the osteotomies for correction (Case 2.4 Fig. 2.31b). The oste-
otomy plan could be communicated to surgery by a CAD cutting splint and CAD 
osteosynthesis plates. These plates are gained by bending them on the basis of a 
reconstructed, mirrored 3D print. Since laser-sintering techniques are available, the 
osteosynthesis material can be CAM manufactured directly from the 3D data.

Primary reconstruction is technically much easier to perform, than a secondary, 
because the tissue and vessels are not affected by scars or radiation therapy. The 
tissues are in a natural position, favoring functional and aesthetic rehabilitation. 
However, a drawback in primary reconstruction cases when using digital planning 
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is that the resection and reconstruction plan are orchestrated by digital planning, 
both being mutually interdependent on the accuracy of each other. Virtual CAD/
CAM planning and production of resection splints, however, need a few days to be 
delivered by express order or even a few weeks, depending on the supplier and loca-
tion and connectivity of the hospital. If the resection plan changes intraoperatively, 
either because the tumor size has changed during the waiting period, or due to any 
other reason, it leaves the virtual planning nonfunctional.

In cases when secondary reconstructions are planned, reconstruction plates are 
inserted after cancer resection as a temporary measure to bridge the gap of resection 
defects and maintain continuity of the mandible. On an average, however, the 
plates breakdown or perforate the external skin after 6–18 months, especially if 
they are applied in the chin region. For long-term survival, reconstruction plates 
are just recommended for defects of less than 6 cm and in the body region of the 
mandible [27, 43]. Also the application of alloplastic condylar joint plates articu-
lated in the glenoid fossa could cause severe complications such as fractures, infec-
tions, or perforation of the skull base. Therefore primary, alloplastic reconstructions 
usually require a secondary reconstruction of the bone.

Secondary reconstructions make it more difficult to achieve functional and aes-
thetic outcomes, require an additional surgical procedure of long duration, and 
increase the treatment time and costs. The condyles are often not in ideal position 
and there is often shortening of the remnant parts of the original bone.

In primary reconstructions, the oral mucosa or external skin resection necessi-
tates the transplantation of a skin paddle if adjuvant radiation therapy could be nec-
essary. In cases of secondary reconstructions, the submental and cervical skin is 
often shrunken and very tight due to radiation therapy. In many cases where a recon-
struction plate was placed primarily, the plate perforates the skin and would have 
already been removed prior to the reconstruction appointment [27, 43]. In cases of 
plate removal, the remaining discontinuous fragments of the mandible are pulled 
upward by the temporal and masseter muscles. The condyles are often dislocated 
out of the glenoid fossa, rendering patients to breathing problems. The condylar 
joint position needs to be planned to be readapted to a physiologic position before 
the planning for bony reconstruction starts. The condylar position could be fixed 
with the help of a CT scan of the jaw before resection. If not available, then during 
surgery, the condyles are placed in a centric position in the fossa in such a way that 
the coronoid processes do not go beyond the zygomatic arch. To release the soft 
tissue tensions during secondary reconstruction, additional soft tissue is often 
required which is typically planned as another skin flap at the submental region. For 
treatment of the submucous fibrosis, a microvascular radial forearm flap sometimes 
is necessary.

The condylar joints could be dislocated out of the condylar fossa, even in cases 
of near total resection defects of the mandible. In these situations, the anterior dis-
location of the condyle could provide more pharyngeal space and better breathing. 
These cases are very difficult to reposition. The strong muscular forces and the tight 
soft tissue due to scaring tend to keep the mandible and joints in a closed position. 
These forces could even be of such large magnitude to break the osteosyntheses 
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plates or cause fracture of the screws. If not released, these forces could lead to the 
malposition of the microvascular flap, or cause kinking of the pedicle that could 
lead to flap necrosis (Fig. 2.3).

Post radiotherapy, many patients would end up with reduced mouth opening due 
to radiation fibrosis. There is no general solution to correct this shrinking and scar-
ring. Fracture of the coronoid process along with release of scars, use of another soft 
tissue flap such as the radial forearm flap, autologous fat transplantation, and injec-
tion of botulinum toxin into the elevator muscles of the mandible could be attempts 
for improvement of this condition.

Provision of dental rehabilitation is also dependent on jaw mobility. Post recon-
structive surgery and in the prosthetic phase of treatment, adequate access for 
impressioning procedures, seating of the dentures, and auxiliary dental preparation 
require adequate mouth opening. These additional factors must be taken into 
account prior to planning for reconstructive surgery.

2.4.2  �Reconstruction Plan

2.4.2.1  �Choice of Reconstruction Method
Once the basic considerations in planning of reconstruction surgery are decided, the 
next step of planning considers the type of reconstruction (the particular flap to be 
used). The choice of the type of flap depends on many factors such as the amount of 
bone to be reconstructed, the amount of soft tissue to be reconstructed, the location 
of the defect, donor site problems, and patient and surgeon preferences. The posi-
tion and length of the pedicle and the extent of the skin paddle required decide on 

Fig. 2.3  CT scan of a 
patient who underwent a 
near total resection of 
mandible with postoperative 
infection leading to loss of 
reconstruction plate. The 
patient had to protrude the 
mandible to prevent 
collapse of the airway. This 
produced luxation of 
bilateral mandibular 
condyles. The condyles 
have to be repositioned 
during computerized 
planning for reconstruction 
with a free fibula flap
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the type of flap. If dental implants are planned, the rotation of the bone transplant 
and the side of harvesting are discussed to decide which bone surface is taken for 
dental implant placements. As complete functional rehabilitation is the goal for 
modern reconstructive surgery, patients often wish to have their masticatory func-
tion rehabilitated.

Hence, in these situations, vascularized bone-containing free flaps are the recon-
structive option of choice. If well planned, these flaps have sufficient bone and soft 
tissues that can aesthetically and functionally reconstruct postablative defects. They 
also serve as a bony base for the insertion of osseointegrated dental implants to 
fulfill masticatory rehabilitation. It has been shown by various studies that implant-
supported dental rehabilitation improves oral health and general health-related qual-
ity of life in patients with reconstructed jaws [5]. Although not universally agreed, 
it has been suggested that in patients with lateral defects of the mandible, if occlusal 
rehabilitation by means of dental implants are not considered, there is no significant 
advantage in subjecting the patients to complex, time-consuming, microvascular 
bony reconstructions of the jaws. Instead, a simplified procedure of using a recon-
struction plate with adequate soft tissue cover provides comparable quality of life 
outcomes [45].

Although many donor sites are available for harvesting vascularized bone-
containing free flaps (such as the fibula, iliac bone, and scapula), the free fibula flap 
has been the most commonly used flap in jaw reconstructions [3, 22, 31]. The advan-
tages of the free fibula flap in comparison to other vascularized bone-containing free 
flaps is that it can provide a large length of robust bone (around 22–26 cm in the 
adult) which can be osteotomized and shaped to reconstruct defects of most dimen-
sions involving the jaws. The flap is supplied by the peroneal vessels, which are 
mechanically robust, anatomically reliable, and of sufficient length (about 15 cm of 
pedicle length) and diameter (2–3 mm in diameter). The fibula flap can be harvested 
as an osteomyocutaneous flap, in which, the skin paddle is reliable, thin, pliant, and 
of satisfactory size that enable it to be tailored to most intraoral and extraoral defects. 
The soleus muscle cuff can also be harvested along with the flap for added soft tissue 
bulk if required. The sural nerve, which is in close proximity to the flap, can be addi-
tionally harvested to provide a sensate flap. The donor site morbidity is acceptable 
and the location of the donor site permits simultaneous two-team approach, the abla-
tive team, and the reconstructive team to work simultaneously.

An important advantage of the flap is that the fibula bone is highly favorable for 
the insertion of osseointegrated dental implants [21]. The fibula bone is about 
10–15  mm in cross section, with its thick cortical borders accounting for about 
3–7  mm. This permits implants to be placed with bicortical support (Fig.  2.4). 
Additionally, the cortical bone is of high density (ranging from 1200 to 1600 
Hounsfield units). Implants placed into such dense bone will have high primary 
implant stability with implant stability quotient (ISQ) values of higher than 65. It 
has been shown in multiple studies that the survival rates of implants placed in the 
fibula equal that of implants placed in jawbones [9, 13].
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Converting a relatively straight bone like the fibula to shape the mandible requires 
meticulous planning, not only in morphologic alteration but also considering the 
osteotomy as well as pedicle orientation.

A consideration during planning of the pedicle is that it should never be situated 
to a bony edge or be kinked, as it would hinder the venous blood flow. For the fibula 
planning, the pedicle should be positioned to the oral lingual side to avoid the pos-
sible compression by the scared external skin. Another important aspect is the posi-
tion of the pedicle in the anterior two third of the body of the mandible. If the 
pedicle exits to the mandibular angle region and anastomosed with cervical vessels, 
there is a possibility of the vein or artery to be easily kinked and strangulated. In 
order not to turn the pedicle after transplantation, the course of the vessel should be 
considered. The aspects of the skin paddle position and the side of anastomosis 
finally decide the side of leg that should be harvested (Table 2.2).

2.4.2.2  �Soft Tissue Factors in Reconstruction Surgery
Soft tissue resection and reconstruction mainly rely on anatomical landmarks and 
the surgeon´s hands. In contrast to planning for bony reconstruction, where one can 

Fig. 2.4  (Hermann Goetz, 
Forschungsplattform 
Biomaterialien, University 
Medical Center of 
Johannes Gutenberg 
University, Mainz, 
Germany & Vinay 
V. Kumar). A human 
explant specimen of 
implant in fibula showing 
bicortical support
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rely on defined and stable landmarks, planning for soft tissue reconstruction is more 
difficult. Many navigation systems are available, but are still expensive to be consid-
ered on a routine basis. Navigation systems rely on 3D imaging (CT or MRI), which 
has been taken before surgery. However, soft tissue landmarks are often not stable 
and changes occur by mouth opening or by muscle relaxation. These changes are 
not considered by these systems. The installation of intraoperative CT or MRI in 
combination with a navigation system could help to implement the resection plan 
for soft tissue. The intraoperative MRI, however, is extraordinarily expensive and 
very few centers have access to this technique in the operation theater. At the 
moment, no evidence-based data are available to suggest the superiority of such 
technology.

Planning for soft tissue reconstruction must not only consider the reconstruction 
of extraoral cutaneous component, but also of the intraoral soft tissue structures 
such as the alveolar mucosa and lingual and vestibular spaces. For functional oral 
rehabilitation and long-term success of implants, it is important to provide fixed 
mucosal tissue around implants as well as vestibular and lingual sulci for mainte-
nance of oral hygiene.

For mandibular reconstruction, the free fibula flap may be used as an osseous flap 
or as an osseocutaneous flap [19]. Osseous flaps are used when there is minimal soft 
tissue or mucosal resection done [18]. In these circumstances, the floor of the mouth 
is sutured onto the labial or buccal mucosa to achieve primary closure. When these 
patients present for implant-supported dental rehabilitation, there is often insuffi-
cient vestibular depth, along with a lack of attached mucosa and lack of keratinized 
mucosa [26].

In cases of mandibulectomy with extensive mucosal/intraoral soft tissue defects, 
osseocutaneous free flaps are utilized, where the skin flap is used as a replacement 
of the intraoral mucosal defect. In view of oral rehabilitation of these patients, this 
skin flap is a poor substitute for the attached oral mucosa as they are excessively 
bulky, mobile, and of poor texture (often with the presence of hair appendages) [8, 
21]. Moreover, in between the fibula bone and the outer surface of the skin flap, 
there are layers of fat and muscle, which forms a compressible bed (much like a 
multilayered mattress) when used as a support for prosthetic rehabilitation (Fig. 2.5).

Additionally, in cases where a single-barrel fibula is used for mandibular recon-
struction, and the barrel is placed corresponding to the lower border of the mandible 
(a technique that is followed to achieve symmetry of the mandible following recon-
struction), there is excessive soft tissue thickness as well as inadequate vestibular 

Table 2.2  Algorithm to choose the fibula donor site in dependence on jaw, pedicle, and skin flap 
orientation

Pedicle anastomosis

Right neck Left neck
Skin paddle position Lingual Left leg Right leg Mandible

External Right leg Left leg
Skin paddle position Palatinal Right leg Left leg Maxilla

External Left leg Right leg
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space [41]. Therefore, some prefer a positioning in between the crestal and lower 
border of the mandible. Then, however, the bony edges of the remnant segments of 
the mandible could compromise the pedicle and need to be resected and rounded.

In all of these situations, if soft tissue problems are not addressed, implant-
supported dental rehabilitation can lead to complications such as poor hygiene 
around implants, hyperplastic peri-implant tissue, soft tissue infections, and 
abscesses may eventually lead to loss of implants and the dental rehabilitation [10].

Hence, it is important that planning for intraoral soft tissue modifications be 
considered during treatment planning. To provide fixed mucosa around dental 
implants, a number of techniques have been described that include: various grafting 
procedures using either split thickness skin grafts [14] or palatal connective tissue 
grafts [7]; thinning of the cutaneous paddle either during flap inset or during implant 
insertion/abutment connection [28]; thinning of the cutaneous paddle using liposuc-
tion [23]; laser resurfacing of the soft tissue; topical silver nitrate application [9]; 
and vestibuloplasty [12]. As these procedures involve harvest of an additional donor 
site, it must be well explained to the patient prior to start of treatment.

Denture-guided epithelial regeneration has been another method for predictable 
soft tissue outcomes [30] (Fig. 2.6). Using this technique, the reconstructed bone is 
left open intraorally and covered with a provisional prosthesis, fixed to the immedi-
ately placed implants (immediate loading). If no radiation is applied, the noncov-
ered bone will be overgrown by the oral mucosa within 4–5 months. Another 
commonly followed method for the development of fixed mucosa around the 
implant is the prefabrication technique, first described by Vinzenz [47], and devel-
oped by Rohner. This is a two-staged technique, where, in the first stage, a split 
thickness skin graft is harvested and fixed onto the fibula bone in a predetermined 
position and covered for the uptake. Six to eight weeks later, when reconstruction is 
carried out, the fibula bone would already have a layer of fixed mucosa around the 
implants [38].

S
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Fig. 2.5  Cross section of 
deep circumflex iliac 
artery–based composite 
free flap. The figure 
describes multiple layers 
of the flap that consist of S 
skin, M muscle, F fat, B 
bone. This can be 
compared to a 
compressible mattress
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2.4.2.3  �Dental Rehabilitation
Imaging of occlusion may be problematic in certain cases where prosthodontic metal 
crowns and metallic dental restoration can create artifacts on traditional radiographic 
or CT imaging. To gain suitable images from the CT scan, an occlusal splint prevents 
movements during the scan and keeps the bite slightly open. Precise imaging of the 
dental surfaces is important for CAM production of an intermaxillary positioning 
splint or a provisional, printed denture. The planning of prosthodontics at the start of 
surgical rehabilitation is crucial, because the functional rehabilitation as well as a 
stable condylar joint position demands optimal prosthodontic rehabilitation.

The dental implants inserted at planning stage orientate the fibula in terms of 
rotation as well as position. The next steps include planning the teeth position, the 
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Fig. 2.6  A schematic diagram of the surgical technique. (a) Shows the preoperative coronal cross-
sectional picture of the fibula bone (FB) with subcutaneous fat (SCF) and the skin paddle (SP). (b) 
Describes the incision at points 1 and 2, the dissection and removal of subcutaneous fat as well as 
a subperiosteal dissection. (c) Shows the completed surgery with the skin flaps elevated, subperi-
osteal dissection completed and points 1 and 2 forming the depth of the buccal and lingual sulcus. 
Implant-supported removable denture is seen maintaining the space of the vestibule as well as 
providing guidance for epithelial regeneration
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dental implant position and angulation, and finally, the position of the bone trans-
plant is constructed. To plan the dental implant position, a CT scan of the situation 
before resection including the teeth is very helpful. Otherwise, the opposing dental 
arch helps with the planning. If the patient is endentulous, prosthesis of the upper 
and lower jaw will help in indicating the implant positions. The CT scan needs to be 
taken with the prosthesis in situ. A splint should fix the occlusion. In case the pros-
thesis cannot be inserted due to the defect, a CT scan is performed of only the pros-
thesis and later superimposed on the patients’ scan. As a prosthesis of poly methyl 
metha acrylate is not visible on the CT scan, there are two options: the prosthesis 
can be manufactured by radiopaque material, or the denture is marked by several 
radiopaque pins, e.g., from gutta-percha. The marked prostheses are scanned out-
side the patient’s mouth in perfect occlusion to adjust for the density of the prosthe-
sis. Then (virtually) using the computer software, the visible marks in the patient’s 
CT scan and the externally scanned prosthesis are matched. The occlusional plane 
of the prothesis is usually parallel to the Camper’s plane and that should be clini-
cally compared to the patient’s situation.

As teeth, condyle positions, the side of anastomosis, and the need of a skin flap 
are defined, the number of dental implants and their position are planned, depending 
on the prosthodontic concept. The fixation of the teeth is easily, rapidly, and inex-
pensively performed by metal ball attachments. More expensive and elaborate 
methods include fixing the teeth by a telescope-based or screw-retained denture, or 
with bar-supported overdentures. Although not universally agreed, it has been 
opined that removable prosthesis is a better option in patients with reconstructed 
jaws as they are easier to maintain, the need for lesser number of implants and rela-
tively lesser cost. However, in patients with reduced manual dexterity, insertion and 
removal of a removable prosthesis may be problematic. In these patients, a fixed 
option would be beneficial provided they present for routine oral prophylaxis. In 
general, the prosthetic value of dental implants distally of the first molar is of lim-
ited value, because the buccal soft tissue often gets irritated in this region and main-
tenance of oral hygiene is difficult.

In reconstructed patients, conventional tissue-supported prosthesis is rarely pos-
sible, because of the difficult anatomical situation and a lack of saliva. Furthermore, 
a prosthesis based on dental implants avoids the injury of the mucosa and prevents 
osteoradionecrosis. However, dental implants can cause in 2–6 % osteoradionecro-
sis. For defects of the upper jaw, dental implants help to fix an obturator 
prosthesis.

After planning for the prosthesis and the number and position of implants, the 
fibula transplant is positioned optimally as a bony support to the dental implant. 
Simplifying the transverse sections of the fibula as a triangle (Fig.  2.7a, b), the 
implants can be placed at the bone surface between the anterior and posterior inter-
muscular septum or at the edge of the anterior intermuscular septum. Here some-
times a flattening of the bony edge is necessary to avoid thread exposures of the 
implant. Another way to avoid bone covered dental implant threads when inserted 
in oblique bone eminence profile is the use of implants, which have machinized 
implant shoulders. This provides an implant platform equal to the bone border at 
one side without uncovered implant threads at the other side.
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2.4.2.4  �Planning of Individual Subunits
There are different ideas about the number of fibula fragments possible ([42]). 
One limiting factor is the length of each fragment, which should not be shorter 
than 1.5  cm. For the mandible, the condylar part including the condylar joint 
needs one fibula segment; the corpus needs two segments, to achieve a physio-
logic mandibular bending. The chin region can be reconstructed by one fragment 
supporting the region in between the canines. Although this geometry supports 
the mandibular anterior teeth in a favorable way, it could create a prognathic chin 
relation. Therefore, some surgeons prefer a triangular reconstruction.

For fibula transplantation, the double-barrel techniques or vertical augmentation 
techniques are sometimes applied to achieve a higher mandible, especially in the 
chin region. To form a double-barrel fibula, one must differentiate between fibula 
transplantation with and without a skin paddle. Understanding the fibula as a trian-
gle in transversal sections (Fig. 2.7a, b), it is ideal to use the bone surface in between 
the intermuscular septa and the bone surface toward the extensor muscles for fold-
ing and attaching to each other. The way of folding influences the length of the 
pedicle and fibula bone segment that is needed to be removed to prevent tension or 
kinking of the pedicle. If the skin paddle is not planned to be harvested, parts of the 
surface near the flexor space can also occasionally be used for bone adaptation 
(Fig. 2.8a, b).

a b c

a

a b

b

c

d

e

Fibula

muscle

Fig. 2.7  (a) This scheme presents the topographic relationship of the pedicle, the skin paddle, and 
the septa (a: anterior intermuscular septum; b: interosseous membrane; c: peroneal vessels; d: skin 
paddle; e: posterior intermuscular membrane). Implants could be placed permeably at the blue 
bone sites, mainly in between the anterior and posterior intermuscular septum. (b) Contrast CT 
scan of the vessel in the leg
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2.4.3  �Transfer into the Surgical Site: Workflow for Execution 
of Planning in Maxillofacial Reconstruction

CAD planning could be performed virtually or manually by using 3D models of the 
patient’s skull. These skulls are manufactured through stereolithography or recently 
through 3D prototyping. In all methods, the basic principles are the same. The sur-
geon resects the infiltrated bone segments of the printed skull and reconstructs the 
defect by modifying, sawing, and finally adding the printed transplants. In certain 
situations, when access to steriolithography or CAD CAM solutions are not avail-
able, either due to infrastructure or time constraints, a crude method of planning can 
be carried out using dentures and dental casts. The execution of the planning meth-
ods for reconstructive surgery can be classified according to increased accuracy and 
reproducibility as the following three methods:

	1.	 Denture and cast-based inverse planning (referred to as Jugaad technique)
	2.	 Usage of RPT/STL models that serve as preoperative planning models
	3.	 Complete virtual planning and CAD CAM solutions

2.4.3.1  �Denture-Based Inverse Treatment Planning (The Jugaad 
Technique)

The Jugaad technique is a useful method to plan for maxillofacial reconstructions in 
resource-limited settings. It is not highly accurate but is a “good enough” solution for 
planning. The advantage is that it is a low-cost method, which relies on the use of com-
monly available dental materials without the need for specialized equipment. In prin-
ciple, the technique relies on fabrication of interim dentures made on altered dental 
casts that have undergone mock surgery. Detailed descriptions of the steps are as below.

For the preoperative planning, impressions of the maxillary and mandibular 
arches are made with an appropriate impression material. Two sets of casts are then 
fabricated, one which serves as the study model and the other as a working model. 

a b

Fig. 2.8  In this human cadaver model, the close relationship of pedicle and skin paddle of the 
posterior intermuscular septum is shown. The double barrel can be performed by adapting (a) the 
areas in between the intermuscular septa to each other, or (b) adapt the area in between the inter-
muscular septa to the area in between the anterior intermuscular septum and the interosseous 
membrane
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Jaw relations are recorded and transferred onto an adjustable articulator. With the 
working casts mounted in the correct position, mock surgical resection of the cast is 
carried out. This mock surgery is done in communication with the ablative surgeon 
and should correspond as much as possible to the defined surgical plan. The accuracy 
of the resection should at least correspond to the removal of the dental units planned.

A preformed triangular bar with width of approximately 1.2 cm and length cor-
responding to the requirement is made from acrylic or any suitable material. This 
performs as an analog to the fibula. This fibula analog is then placed in relation to 
the resected cast in such a way as to provide an ideal base for the support of dental 
rehabilitation. Once the position of the fibula analog is decided, it is attached onto 
the altered cast using multiple layers of sticky wax or putty impression material. 
With this position of the fibula analog as the base, a wax-up of the denture base is 
created and teeth arrangement done according to the occlusion of the opposing arch.

To accommodate for the soft tissue thickness between the fibula and the denture 
base, attention is paid to provide a relief of about 3 mm. If a skin paddle is planned 
that would replace the intraoral lining, a larger relief is provided. Using multiple 
layers of modeling wax can predictably provide this relief. As it is difficult to pre-
dict the soft tissue outcomes that would present immediately post reconstruction, 
especially in terms of vestibular space, the soft tissue flange extensions of the wax-
up of the interim denture is kept minimal.

Once the wax-up denture seems to be arranged in a functionally ideal position, it 
is then acrylized by the lost wax technique. The acrylized denture is then reintro-
duced onto the mounted altered cast with the fibula analog, and the positions of the 
implants are planned. Once again, the position of the fibula analog is checked and 
reconfirmed to be in a functionally ideal position. Drill holes corresponding to the 
positions of the implants are introduced into the denture to pass through the fibula 
analog. Additionally, it is convenient to provide some means by which the surgical 
stent can be attached onto the remaining dentition (or the opposing dentition), either 
with wire holes or clasps or denture hooks. This denture will now serve as the surgi-
cal stent that will guide the position of the fibula in the oral cavity. This interim 
denture is kept ready for surgery.

During the surgery, the resection is carried out adhering onto the previously decided 
surgical plan. The denture stent is then wired onto the remaining part of the jaw (or 
attached to the opposing jaw teeth in cases where it is not possible to attach the stent 
onto the remaining jaw). The fibula bone is harvested and the required osteotomies 
carried out. The fibula is then introduced into the recipient site. The denture stent now 
determines the position of the fibula bone. The fibula bone is manipulated till it assem-
bles in the preoperatively determined position that is ideal for functional rehabilita-
tion. Once it is in this place, it is plated with osteosynthesis plates and screws.

Through the implant drill guides incorporated in the interim denture stent, 
implant drill osteotomies are made into the underlying fibula. The denture stent is 
then removed and the implant is inserted as per manufacturers’ protocol. It may be 
useful to use an implant that is provided with an implant carrier, as the position of 
the implant (and the interim denture) can be confirmed by placing the interim den-
ture back on through the implant carrier. This now confirms that the position of the 
fibula is ideal to result in a functional rehabilitation.
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Although not exact, this technique provides reasonably predictable functional 
outcomes. This technique can be considered as the most basic form of planning for 
maxillofacial reconstructions. This technique is useful in settings where there is 
limited access to high-end software and equipment. The cost incurred for planning 
is also minimal and hence will be of use in countries where health insurance does 
not cover the costs of planning for reconstruction and rehabilitation, and the patients 
cannot afford to pay individually for the treatment.

The disadvantages of this method are that it does not provide a resection splint or 
a cutting splint for the donor and recipient sites. A lot is still left to the imagination 
and coordination between the resection, reconstruction, and rehabilitative teams. 
This method only provides a reconstruction that can favor a functional outcome.

A representation of a case study using this method is shown in Case Study 2.1.

2.4.3.2  �Model-Based Planning
The execution technique as described above is usually substituted by CAD/CAM 
techniques. The introduction of rapid prototyping and stereolithography models 
give haptic planning tool into the surgeons’ hands.

This model-based planning uses 3D printouts of the skull and the transplants. 
First, the prostheses are placed in the right position. And a gingival mask is manually 
adapted to the alveolar parts of the jaw. The bone models are resected according to 
the tumor infiltration and the planned resection lines. The bone model of the donor 
bone is cut to fit into the defect and positioned to support the implants. Care has to be 
taken that the fragments are not too close (distance of 2–5 mm) to avoid the stretch-
ing of the pedicle. Silicone or wax is useful to connect the fragments. For manufac-
turing the cutting guide, the transplant fragments are put back into a negative form of 
silicone that has been produced before modification of the transplant bone. 
Repositioned into the original, straight form, the cutting planes from plastic or metal 
sheets help to get a handmade cutting splint from resin or metal (Rohner, Techiker).

All these planning efforts could provide a cutting and implant drilling guide to mold 
the donor bone transplant for maxillofacial reconstruction. Furthermore, the correct 
positions of the transplant as well as the original bone parts are necessary, especially if 
the condyle is malpositioned. CAD planned osteosynthesis plates help to coordinate 
the position of the transplant and the original bone. The correct positions of the plates 
are indicated by an osteosynthesis screw-drilling guide, which is combined with the 
resection splints. Additionally to the CAD plate and cutting splint, a CAD dental pros-
thesis could be fixed on the implants, which are inset in the transplant, to indicate the 
form of the transplant as well as its position in relation to the antagonistic jaw.

The dental implantation could be done immediately, as already described, or 
secondarily after the healing period. In contrast to the conventional implant place-
ment, secondary dental implant planning after reconstruction by a fibula flap needs 
auxiliary implants to fix an implant drilling guide, because the alveolar crest is not 
high enough to give hold for fixation. The workflow starts with the marking of the 
prosthesis by radiopaque pins or radiopaque material. The prosthesis is fixed on the 
auxiliary implants in habitual occlusion and a CT scan is taken. If marked by radi-
opaque pins, a second scan of upper and lower prosthesis in occlusion is mandatory, 
because PMMA prostheses are not visible by a CT scan of the bone, while they are 
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worn by the patient. The data of the externally and internally scanned prostheses are 
virtually matched to plan the implant positions (Fig. 2.9a, b). The implant drilling 
guide, which can then be converted from the former prosthesis, is fixed on the 
implants. After implant placement, the auxiliary implants could be kept to fix an 
interim prosthesis, till the definitive prosthesis is connected to the osseointegrated 
dental implants after 3–6 months. At that time, intraoral soft tissue management is 
carried out. The dental prosthesis helps in the procedure of soft tissue correction.

Case Study 2.2 shows a representation of a case done with this method.

2.4.3.3  �Virtual-Based Planning of Reconstruction
The virtual reconstruction plan includes the same steps as described for the model-
based planning, but done virtually on a computer instead of physical models.

The first step defines the basis that needs to be reconstructed, including bone 
fragment and condyle positioning. Case study 2.3 is taken as an example to show 
this technique. Case 2.3, a case of ameloblastoma of the upper jaw, the correction of 
the zygoma was necessary, as it has been deformed by a slow growing ameloblas-
toma. The surgical plan guided the osteotomy of the lateral orbital rim and the 
zygoma rotation. To do so, the healthy side was mirrored first. The cutting plane is 
transformed into a cutting splint. Accordingly, step 2 and step 3 of the reconstruc-
tion of the defect were analyzed in relation to which areas could be reconstructed by 
alloplastic material and which areas need a microvascular bone and soft tissue 
reconstruction.

a

c

b

d

Fig. 2.9  (a, b) This CT scan of a fibula reconstruction, including auxiliary implants, demonstrates 
the close relationship of the hardware of implants, screws, and osteosynthesis plates. (c, d) The 
implants are positions by an implant drilling guide, which is fixed on the auxiliary implants (F. P. 
Koch & S.Wentaschek, Univ. Frankfurt a.M. & Mainz, Germany)
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Then the type of flap was chosen (in this case, a free fibula flap), the orientation 
of skin paddle and pedicle were planned, avoiding the compression by bony edges 
(Table 2.2).

Then the prosthesis or dentition before resection indicates the teeth and dental 
implant position. In edentulous patients, prostheses of radiopaque material or pros-
thesis, which had been marked by radiopaque pins to match a second scan of the 
prostheses, gave an idea of dental implant positioning and positioning and rotation 
of the bone transplant.

The molding of the fibula was supported by CAD preformed reconstruction and 
osteosynthesis plates, which were positioned by positioning splints and drill holes. 
The positioning of the transplant to have a correct occlusion is indicated by a 
3D-printed prosthesis, which fits exactly on the virtually planned CAD fibula 
(Fig. 2.10b, c). The cutting planes and implant positions are virtually transferred to 
the straight fibula, and the cutting and implant-drilling splint could be designed and 
finally printed directly (Fig. 2.10a).

The complete virtual CAD/CAM planning solution provides a cutting/implant 
drilling splint, resection/positioning splint for reconstruction plates, and a CAD/
CAM prosthesis, indicating the form of the fibula and position of transplant. In 
combination with implants and preformed osteosynthesis plates, there are several 

a

c

b

Fig. 2.10  (a) The CAD/CAM cutting and dental implant drilling guide is fixed on the fibula, which 
stays perfused during sawing and implant placement. (b) The CAD/CAM is preplanned, and CAD/
CAM-printed prosthesis fits exactly on the new fibula situations and helps to mold the cited fibula. 
The prosthesis includes the implants and is virtually adapted on the surface of the fibula. Now the 
fibula is transferred to the facial site and (c) inserted in a correct intermaxillary position by mandibu-
lomaxillary fixation (planning and production by IndividualPlan GmbH, Wiesbaden, Germany)
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tools to transfer the planning into the surgery site. The complexity of a virtual 
planned osteotomy and repositioning of a zygoma, combined with three CAD/CAM 
titanium implants for the orbits and frontal skull as well as a 3D molded fibula fixed 
with CAD preformed osteosynthesis plates is presented in Case Study 2.4. The fib-
ula was cut and the dental implants simultaneously inserted by a CAD/CAM cutting 
and implant guiding splint (Fig. 2.11a, b).

Case 2.1  This case illustrates the workflow when planning a case with denture-
based inverse treatment planning (Jugaad technique). A boy of 14 years presented 
with a case of failed reconstruction done at another center. The intraoral picture is 
shown in Fig. 2.12a and the panoramic radiograph findings shown in Fig. 2.12b.  
As the patient was not able to afford CAD CAM-based reconstruction, it was 
decided to treat him using the Jugaad technique.

Preliminary and working casts were made from the impressions of the patient. 
Jaw relations were recorded and transferred onto an adjustable articulator. Mock 
surgery of the cast was done on the articulator and a fibula analog made of acrylic 
was oriented in such a way as to provide the best functional reconstruction. A wax 
model of the reconstructed dentition was fabricated on the fibula analog as shown 
in Fig. 2.13. This was then acrylized and served as the intraoperative guide. Holes 
were drilled into the acrylized stent corresponding to the ideal positions of the 
implants. These will serve as the intraoperative guide for implant positioning.

The surgery was performed as per plan. After harvesting the fibula, it was inserted 
into the defect as per the orientation defined by the acrylic splint. Drill guides in the 
splint defined the position of the implants as shown in Fig. 2.14. The postoperative 
panoramic radiograph shows the resultant reconstruction achieved (Fig. 2.15).

a b

Fig. 2.11  (a, b) The complexity of an virtual planned osteotomy and repositioning of zygoma, com-
bined with three CAD/CAM titanium implants for the orbits and frontal skull as well as a 3D molded 
fibula fixed with CAD preformed osteosynthesis plates is presented by case 2.4. The fibula was cut 
and the dental implants simultaneously inserted by a CAD/CAM cutting and implant guiding splint
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a

b

Fig. 2.12  (a, b) 
Preoperative panoramic 
radiograph and oral aspect

Fig. 2.13  Mock surgery 
of the cask in the 
articulator, a wax model 
was fabricated on the fibula
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Case 2.2  In this 44-year-old patient, a T4aN1M0 squamous cell carcinoma was 
resected 1 year ago and primarily reconstructed by a reconstruction plate by tita-
nium. Additionally he has received an irradiation of 70 Gy. After 1 year, the recon-
struction plate was perforating the skin.

Before reconstruction by a microvascular fibula transplantation, a CT scan of the 
face and the fibula was performed. From these data, a model was prototyped to 
perform a model-based CAD planning.

	1.	 As the condyles have been in place and the mouth opening was possible, the 
condylar positions did not need to be corrected. A prosthesis was manufactured 
and adapted to the upper dentition (Case 2.2 Fig. 2.16).

	2.	 Now the orientation of the fibula was decided. As the pedicle should be anasto-
mosed at the right neck side and the skin paddle was orientated to the buccal side, 
the right fibula was chosen.

	3.	 The prosthesis was inserted into the printed skull by maximal intercuspal 
occlusion. Then the condyles were fixed by silicone, before removal of the 
reconstruction plate (Case 2.2 Fig. 2.17). The fibula model was now inserted into 
the skull, shortened and trimmed to get a maximum bone segment contact (Case 
2.2 Fig. 2.18). The teeth positions of the prosthesis were taken to indicate the 

Fig. 2.14  Implant drill 
guide for implant 
placement after the fibula 
was transferred

Fig. 2.15  Postoperative 
panoramic radiograph
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Fig. 2.16  Insertion of the 
dental prostheses into the 
printed skull

Fig. 2.17  Fixation of the 
condyles in correct 
position through dental 
prosthesis

Fig. 2.18  Inset of the 
cutted fibula by silicone 
and wax
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dental implant positions (Case 2.2 Fig. 2.19). The region dorsally of the anterior 
intermuscular septum was planned for implant drilling. The fibula segments 
were taken out and cutting planes were attached and linked to each other. These 
cutting planes were fixed to another straight fibula to produce manually a cutting 
guide from resin (Case 2.2 Fig. 2.20).

In this case, the fibula was preformed 6 weeks before transplantation by split skin 
graft transplantation (Case 2.2 Fig. 2.21), dental implants have been placed, and 
dental impressions were taken to mill a dolder bar for immediate loading and exter-
nal fixation, at the time the fibula was transplanted (Case 2.2 Fig. 2.22a, b). The 
dolder bar helped to mold the fibula (Case 2.2 Fig. 2.23) and the fixed prosthesis 
helped to orientate it before osteosynthesis (Case 2.2 Fig. 2.24a, b).

Case 2.3  A 54-year-old patient presented with a total loss of the mandible includ-
ing the floor of the mouth. Five years ago, a squamous cell carcinoma has been 
diagnosed and primarily treated by a radiation of 72 Gy combined with a cisplatin/5-
FU chemotherapy. Three years ago an osteoradionecrosis occurred, followed by a 
partial resection of the mandible and finally a near total resection. The defect was 
reconstructed by a titanium plate, which has been covered by a pectoralis major flap. 
Due to flap necrosis and wound dehiscence, the patient could not keep the saliva, 
because he lost not only the mandible but also the floor of his mouth (Fig. 2.25a, b).

Fig. 2.19  The dental 
positions were planned and 
fixed to the fibula segment, 
and the cutting planes were 
defined

Fig. 2.20  Based on the 
implant position and the 
fibula cutting planes, a 
cutting/implant drilling 
splint was manufactured 
by resin
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The planning started with the virtual resection of the remnant mandibula, to 
achieve a defined bone edge and avoid residual osteomyelitic bone areas. Then the 
condyles have been matched with a CT reconstruction before resection. The upper 
and lower jaw teeth had been inserted virtually and dental implants were placed 
according to prosthetic function (Fig. 2.26a, b).

As the skin paddle is needed to reconstruct the submental region and the pedicle 
was orientated to the right side, the fibula was taken from the right leg (Table 2.1).

a

b

Fig. 2.21  Prefomed fibula 
surface after split skin was 
adapted to the periosteum 
6 weeks before

Fig. 2.22  Titanium dolder 
bar, which had been 
preoperatively milled. The 
implant positions have 
been defined by implant 
impressions taken during 
the gingival prefabrication 
surgery
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The resection splints and the fibula cutting/implant drilling splint were CAD/
CAM produced (Fig. 2.27a, b). To avoid additional osteosynthesis hardware and to 
facilitate the fibula molding a fixateuere externe was printed and fixed by 2 mm 
screw additionally to the dental implant fixation by resin and temporary abutments 
(Fig. 2.28a, b).

Fig. 2.24  The fixed 
prosthesis helped to 
orientate it before 
transplantation and saved 
ischemia time

a b

Fig. 2.25  (a) Submental and (b) lateral view

Fig. 2.23  A prosthesis 
has been manufactured
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a b

Fig. 2.26  (a) Remnant mandible; (b) repositioning of the mandible by superimposing the former 
mandible before resection, superimposing the prosthesis and inserting implants virtually

a b

Fig. 2.27  (a) The resection splint defines the remnant mandible size; (b) the cutting and implant 
drilling guide (IndividualPlan GmbH, Wiesbaden, Germany)

a b

Fig. 2.28  (a) A CAD/CAM external fixator to position the implant and mold fibula. (b) CT recon-
struction of the surgery result
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Finally the floor of the mouth as well as the mandible including dental implants 
was reconstructed within one surgery (Fig. 2.29a, b).

Case 2.4  A 57-year-old patient presented with a tumor mass involving the right 
palate, the right maxilla, the nasal cavity, the complete left orbit, and parts of the 
right orbit, as well as the skull base and the frontal sinus and parts of the anterior 
cranial fossa (Fig. 2.30).

An ameloblastoma had been removed 11 and 4 years ago. A tissue sample was 
collected and analyzed by histopathology. The pathology evaluation confirmed the 
diagnosis of an ameloblastoma recidive. The treatment options of radiation and sur-
gery have been discussed with the patient and his family. They favored the curative, 
surgical approach of resection and reconstruction. As the tumor involved the ante-
rior cranial fossa and the skull base and touched the internal carotid artery, the 
department of neurosurgery was involved in the case. The complex reconstruction 
was supported by IndividualPlan GmbH, a specialized German company.

	1.	 The first planning step included the resection. The frontal sinus, parts of the 
orbits, the left eye, and the nasal bone were included. The tumor had dilated the 
left orbit (Fig. 2.31a). So the right facial side was mirrored to achieve a symmet-
ric appearance again (Fig. 2.31b) and an osteotomy of the zygomatic bone was 
planned to readjust the orbits (Fig. 2.31c).

	2.	 Having defined the resection defect and facial bones after inward rotation of the 
left zygoma, the reconstruction was planned. The aim was to achieve a symmet-
ric appearance, the closure of the open palate, and the functional rehabilitation 
by dental implants. A combination of CAD titanium implants and autologous 
vascularized as well as nonvasularized fibula transplants need to be applied. The 
frontal parts of the skull, nasal and orbital bones had been reconstructed by CAD 
titanium implants (Fig. 2.32; IndividualPlan GmbH, Wiesbaden, Germany). The 

a b

Fig. 2.29  (a) Submental and (b) lateral view after surgery
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left maxilla, palate, and eye were reconstructed by microvascular fibula trans-
plantation. Dental implant for later functional rehabilitation has been included in 
the planning. A nonvascularized bone transplant replaced the infraorbital rim 
(Fig. 2.33). To cover the palate, the skull base, and the left orbit after enucleation 
of the left eye, the fibula skin paddle was taken. The pedicle was planned to the 
left side to be anastomosed to the facial vessels, after the temporal vessels had 
been damaged by previous operations. As the skin paddle was needed to the 
palatinal part, the left fibula was taken.

	3.	 All the planning was performed completely virtual. The resection splints, drill-
ing guides for the osteosynthesis screws, and the CAD preformed osteosynthesis 
plates, as well as the CAD titanium meshes for the frontal bone reconstructions, 
were CAD produced. The CAD/CAM fibula cutting splint included an implant 
drilling guide to mold the fibula and insert prothodontically functional dental 
implant for the frontal teeth as well as the first left premolar.

Fig. 2.30  Sagittal MRI scan, showing the extent of the ameloblastoma, affecting the maxilla, the 
cavum nasi, the orbits, skull base, and the anterior fossa
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a

c

b

Fig. 2.31  (a) The slowly growing tumor dilatated the left orbit and displaced the lateral orbital 
rim; (b) therefore the right facial side was mirrored and shows clearly the discrepancy. (c) By an 
osteotomy of the left lateral orbital rim, the orbits were assimilated (IndividualPlan GmbH, 
Wiesbaden, Germany)
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Fig. 2.32  The maxilla 
was reconstructed by a 
microvascular fibula flap, 
with dental implants and a 
skin paddle to cover the 
palate, the skull base, and 
the left orbit

Fig. 2.33  Rapid 
prototyping of the defect 
reconstruction including 
dental implants and CAD 
titanium implants
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The resection was done in two steps: first the resection of the tumor parts of the 
anterior cranial fossa and two weeks later the resection and reconstruction of the facial 
and skull base parts were performed. Due to a close relationship to the internal carotid 
arteries, the resection demanded an intraoperative stereotactic navigation (Department 
of Neurosurgery, Goethe University Frankfurt). The facial en bloc resection demanded 
a Dieffenbach-Weber approach as well as coronal incision (Fig. 2.34a–d). For sym-
metry of the orbits, the zygoma was osteotomized by a CAD/CAM cutting splint and 
repositioned. The fibula was molded at the leg part by the sawing splints in order to 
keep ischemia time less than 60 min. Also the dental implants were inserted and the 

a c

b d

Fig. 2.34  (a) The ameloblastoma of the cavum nasi, the right/left orbits including the left eye and 
the anterior fossa were resected through a Dieffenbach-Weber and a bicoronal access and resected 
en bloc (b, c). The huge defect was covered by a CAD/CAM molded transplant (d)
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preformed osteosynthesis plates were fixed while the fibula kept being perfused 
(Fig. 2.35a, b). To keep a sufficient pedicle length, the infraorbital rim has not been 
included in the microvascular fibula part and the proximal fibula part was transferred 
as an avascular bone graft to the infraorbital rim, covered by the skin paddle and 
muscles. The frontal part of the skull and nose were reconstructed by CAD titanium 
mesh implants. Two more CAD implants reconstructed the medial wall of the right 
orbit and the cranial and lateral wall of the left orbit (Fig. 2.36).

a b

Fig. 2.35  By a CAD/CAM splint, the implant insertion and cutting of the fibula was performed 
(a). The CAD preformed osteosynthesis plates helped to orientate the fibula and kept the ischemia 
time low, because the molding took place during the fibula was still perfused in the leg; (b) The 
fibula was transplanted to reconstruct the upper jaw, the skin paddle was taken to reconstruct the 
palate, the epipharynx and the orbital floor

Fig. 2.36  CAD titanium 
implants reconstructed the 
frontal bone and the frontal 
sinus

2  Planning of Maxillofacial Reconstruction
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Fig. 2.37  Clinical aspect 
4 weeks after surgery, 
including the artificial eye, 
individually adapted to the 
resection defect

a b

Fig. 2.38  3D reconstruction after surgery

After a reconvalescence of 4 weeks after surgery, an artificial eye was inserted 
and a blepharoplasty of the left lower eyelid was performed (Fig. 2.37). Figure 2.38 
presents the surgery result by a CT reconstruction after surgery. Prosthodontic 
rehabilitation will take place 6 months of healing time after reconstructive 
surgery.
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3Mandibular Reconstruction

Al Haitham Al Shetawi and Daniel Buchbinder

3.1	 �Introduction

The cartoon character Andy Gump demonstrates very accurately the physical defor-
mity that results from loss of the anterior mandible (Fig.  3.1). The Andy Gump 
character was inspired by a real patient, Andy Wheat, who was born in 1890. He lost 
the anterior part of his mandible secondary to osteomyelitis [1]. The original sur-
gery was performed at the Johns Hopkins Hospital, on August 28, 1915 [2].

Patients with the “Andy Gump” deformity could not eat or speak properly, 
drooled constantly, and rapidly became abhorrent to themselves and their families 
[2]. Prior to reconstructive techniques made available, this deformity was not 
uncommonly seen by head and neck surgeons after ablative techniques for anterior 
oromandibular tumors. Now, due to the advances in mandibular reconstructive tech-
niques, this deformity is rarely seen. This chapter will discuss a step-by-step 
approach to contemporary mandibular reconstruction.

3.2	 �Historic Perspective

The loss of mandibular tissue has always challenged patients and their surgeons. 
Over the last century, novel procedures to reconstruct mandibular defects to achieve 
the best form and function continued to evolve.

mailto:DBuchbin@chpnet.org


66

In 1833, Sir William Whymper described a case of a 22-year-old gunner in the 
French artillery, Monsieur Alphonse Louis, who received shrapnel injuries from an 
exploding shell at the Siege of Antwerp [3]. M.  Louis’ maxillofacial injuries 
included loss of the entire mandible. As a consequence, the patient had a grotesque 
appearance and was unable to eat or talk properly. At that time the surgeons had no 
knowledge or expertise on how to reconstruct the massive lower jaw defect. Where 
specialist knowledge or facilities were absent, improvisation was called for. A sil-
versmith was duly approached and asked to construct a mask to act as a replacement 
for the deficient lower face (Fig. 3.2) [3, 4].

Almost a century later, pioneering works by Sir Harold Gillies and his team of 
dental surgeons and anesthetists are considered to be the first attempts at ana-
tomical mandibular reconstruction. His patients were soldiers injured in the bat-
tles during World War I. In nearly all of the cases described by Gillies, the first 
of the plastic and reconstructive surgical procedures was undertaken up to 3 or 
more months after the initial injuries were sustained. While this period of time 
clearly allowed the surrounding tissue to fully heal, the facial features of these 
individuals were often seriously, and in many cases hideously disfigured (Fig. 3.3) 
[4, 6]. This led to the surgical principles such as delayed reconstruction until 
sepsis was absent and the use of prolonged external fixation. Tibial bone grafts 
and pedicled mandibular bone grafts were the standard of care at that time [7].

The experience with the wounded soldiers from World War I led to marked 
improvements in the anesthetic agents and techniques and the establishment of 
intensive care units. These advances allowed long operative procedures to be per-
formed with relative safety. This was in sharp contrast to the multiple and short 
procedures with prolonged hospital stay which was previously the norm [4].

Fig. 3.1  Cartoon of Andy 
Gump showing the 
physical deformity 
resulting from loss of the 
anterior mandible

A.H. Al Shetawi and D. Buchbinder



67

Another major advances in the surgical care for the injured patients were seen 
during World War II with the use of antibiotics and internal fixation of bone grafts 
[8]. Since World War II, a wide range of techniques for reconstruction were devel-
oped. Principles learned from post-traumatic injuries were applied to oncologic 
reconstructions. Nonvascularized autogenous bone grafts, pedicled osteomyocuta-
neous flaps, and metallic plates were used to reconstruct the mandible [9–11].

Free autogenous bone grafts were the gold standard of reconstructing traumatic 
and oncologic defects of the mandible in the 1950s and 1960s. These techniques 
relied on the use of bone harvested from the iliac crest, ribs, and tibia [12, 13]. 
However, problems with free bone grafts were seen in composite radical resections 
of malignant disease and postoperative radiation therapy. The high failure rate was 
due to graft resorption and infection [14–17].

Pedicled grafts, such as pectoralis major muscle with an associated rib, sternoclei-
domastoid muscle with a clavicle, trapezius muscle with a portion of the scapula, and 
temporalis muscle with a parietal bone (outer table), were used for mandibular recon-
struction to avoid the problems seen with nonvascularized bone grafts. These “flaps” 
had less resorption compared to the nonvascularized bone grafts; however, their func-
tional results were generally poor due to the less than optimal quality of the transferred 
bone, the insufficient amount of bone, and the difficulty in insetting the flap [17, 18].

In 1976, Spiessl et al. first reported the use of a three-dimensional (3-D) bendable 
plate for mandibular reconstruction after tumor resection. Since then, many surgeons 
have used similar techniques to bridge mandibular defects [19–22]. However, the use 
of plate, with or without bone graft, had a high rate of complications such as fracture, 

a b c

Fig. 3.2  (a) Drawing of the disfigured face of M. Louis. (b) Drawing of the mask made to cover 
his deformity. (c) Drawing of M. Louis wearing his silver mask [4, 5]
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exposure, and infection. The incidence of plate failure was even higher for defects 
located anteriorly and in patients receiving radiation therapy (Fig. 3.4) [17, 23–26].

Surgeons recognized the detrimental effects of salivary contamination and radia-
tion therapy on the survival of the grafted mandible, and the general approach was 

a

b

Fig. 3.3  A patient with extensive maxillofacial injuries from the series published by Sir Harold 
Gillies in 1920. (a) Frontal and lateral views of the face showing the extent of injuries before 
reconstruction. (b) Frontal and lateral views of the patient after large double-pedicle scalp flaps 
and with prosthetic chin in position [6]
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to perform delayed reconstruction after intraoral soft tissue healing was achieved 
and radiation therapy was completed. Unfortunately, that led to patients being sub-
jected to multiple operations. After soft tissue healing was achieved, the efforts to 
secondarily reconstruct the mandible using nonvascularized or pedicled bone grafts 
were complicated with poor wound healing, bone resorption, fibrosis, trismus, mal-
union, and the inability to perform dental rehabilitation [27–29].

In the early 1980s, mandibular reconstruction was revolutionized by the introduc-
tion of free tissue transfer. In 1975, Taylor et al. introduced the fibula flap for limb 
reconstruction [30]. In 1979 Taylor et al. and Sanders and Mayou described the first 
iliac crest bone transfer based on the deep circumflex iliac artery and vein as the 
vascular pedicle [31, 32] Finally, in 1986, Swartz et al. introduced the scapular osteo-
cutaneous free flap for use in head and neck reconstruction [33]. These three bone 
containing flaps will later become the main sites for free tissue transfer for mandibu-
lar reconstruction. In 1989, Hidalgo popularized the use of the fibula osteocutaneous 
flap for mandibular reconstruction in his report of a 12-case series [34]. Since then, 
multiple modifications and applications of the fibula flap have been proposed [35].

The high success rate and significantly improved functional outcome seen with 
free tissue transfer led to a paradigm shift in mandibular reconstruction [36–38]. 
Today, composite bone containing free tissue transfer with titanium plate fixation is 
the gold standard for mandibular reconstruction [35, 37, 38] (Fig. 3.5).

3.3	 �Anatomy and Physiology of the Mandible

The mandible forms the esthetic and functional foundation of the lower third of the 
face. It defines the shape of the lower face and forms the border between the neck 
and face. It has two major components: a horizontal U-shaped arch (body and sym-
physis) that supports the dentition, provides attachment of the musculature of the 
tongue and floor of the mouth, and indirectly suspend the larynx via the suprahyoid 
muscular attachments, and two vertical segments (angle, ramus, coronoid, and 

Fig. 3.4  Plate exposure in a patient who was previously reconstructed with plate only for an ante-
rior mandibular defect
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condyle) that articulate with the base of the skull. The muscles attached to the man-
dible carry important functions such as mastication, speech, and deglutition 
(Fig. 3.6).

The bony anatomy of the mandible is unique. It is composed of two types of 
bone: basal and alveolar. The alveolar bone houses the roots of the teeth. The ante-
rior alveolar bone and the teeth provide lower lip support and assist oral 

a b

c

Fig. 3.5  (a) Frontal photo showing good mandibular contour and symmetry after mandibular 
reconstruction with fibula free flap. (b) Intraoral photo after prosthetic rehabilitation. (c) 
Postoperative panorex showing bony continuity and successful implant restoration

a b

Fig. 3.6  (a) Bony anatomy of the mandible. (b) The mandible provides the functional and esthetic 
foundation of the lower face
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competence. The basal bone supports the alveolar bone and houses the inferior alve-
olar neurovascular bundle that provides blood flow to the mandible and sensation of 
the lower lip, dentition, and mucosa.

The blood supply to the mandible is rich. It is partially provided by the inferior 
alveolar artery (centripital) and partially by the periosteal envelope (centrifugal) 
which is supplied by the surrounding muscles and mucosa.

The temporomandibular joint (TMJ) is a “ginglymoarthrodial” joint that has 
rotational and translational movements. It serves as the articulation between the 
mandible and the skull base and allows mandibular motion that contributes to the 
masticatory function.

3.4	 �Pathology of the Mandible

Because of the mandibular unique anatomy, it is exposed to wide range of patho-
logic conditions. The mandible is surrounded by mucosa which is exposed to many 
insults and toxins and can acquire malignant transformation. The mandible also 
houses odontogenic tissues which can cause a variety of odontogenic tumors, 
cysts, and infections. The mandibular projection puts it at risk for traumatic 
injuries.

These unique anatomic features expose the mandible to different congenital, 
infectious, traumatic, iatrogenic (e.g., osteoradionecrosis, medication-related osteo-
necrosis), and neoplastic conditions.

The techniques and goals of ablative surgery have not changed significantly over 
the past 50 years, with a goal to achieve complete extirpation of the tumor [39, 40]. 
On the other hand, the reconstructive techniques have changed and advanced 
significantly to restore the form and function of the missing tissue.

3.5	 �Goal of Treatment

Patients with mandibular defects often suffer from significant functional problems 
(e.g., salivary drooling, difficulty swallowing, and difficulty in chewing) and dis-
figurement that has significant emotional and psychological effects. Reestablishing 
form and function is the main goal of reconstructive mandibular surgery 
(Table 3.1).

There is no “best reconstructive method.” The best method is the one that meets 
the objectives for a given patient. Ideally, every patient should be restored to pre-
disease form and function. The bony and soft tissue defect size, the patient’s well-
being and associated comorbidities, the patient’s prognosis, the need for adjuvant 
therapy, the donor site availability and morbidity, and the need to restore swallow-
ing, speech, or mastication are all important considerations when planning the 
reconstruction.

Regardless of the prospects for a cure, optimizing the quality of life is a worth-
while and attainable goal in all head and neck reconstruction patients [41].
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3.6	 �Defect Evaluation and Classification

When the resection of the mandibular segment is partial thickness and maintains its 
continuity, it is referred to as a marginal resection. When the resection is full thick-
ness and causes loss of the bony continuity, it is referred to as a segmental resection 
(Fig. 3.7). Segmental resection can be (1) simple (bone), (2) compound (bone and 
oral lining or skin), (3) composite (bone, oral lining, and skin), and (4) en bloc 
(bone, oral lining, skin, and soft tissue) [42].

Topography of the bony defect is paramount to the ultimate reconstructive out-
come. Similar-sized mandibular defects in different segments of the arch have dif-
ferent cosmetic or functional outcomes [43]. For example, an anterior arch defect 
that results in the well-known “Andy Gump” deformity leads to devastating esthetic 
and functional outcome [2]. In contrast, a lateral defect in a dentate or edentulous 
mandible is more tolerated [17]. In general, the loss of mandibular continuity has 
significant effects on the mechanics of mastication especially in the dentate mandi-
ble. In addition, the disturbance in facial appearance can have a significant impact 
on the patient’s feeling of self-confidence and desire to return to pre-disease employ-
ment and social interactions [35, 44]. Posterior defects involving the ramus and 
TMJ are usually camouflaged well by overlying soft tissue. Similar to the lateral 
defects, problems with occlusion and mastication plus deviation of the mandible 
will still result if these defects are left unreconstructed [17].

When dealing with a marginal mandibulectomy, the reconstructive efforts are 
geared toward achieving soft tissue coverage using local, regional, or free tissue 
transfer. A minimal of 1 cm of basal bone should remain to avoid iatrogenic frac-
tures [45]. When dealing with a segmental resection, the reconstructive techniques 
become more challenging, and more analysis of the defect is required to achieve the 
best result [38]. As discussed earlier, nonvascularized bone grafts and pedicled bone 
flaps are associated with a high failure rate and have limited indications [14–17]. 
Free tissue transfer has become the preferred method to reconstruct segmental 
defects. Multiple classifications have been introduced to facilitate the planning of 
the reconstruction [42, 43, 46, 47]. Simple bony segmental resections can be restored 
with a bony flap. Compound, composite, or en bloc resections require a more 

Table 3.1  Goals of mandibular reconstruction

Goals of treatment

Restoration of facial contour, projection, and symmetry
Restoration of the soft tissue defect to allow functional recovery of the tongue mobility and 
bulk, restore speech and swallowing, and restore lip competency
Allow complete and immediate wound closure to minimize risk of wound contracture, salivary 
leak, infections, and fistula formation
Withstand the effects of adjuvant therapy and protect the surrounding tissues
Allow dental rehabilitation and restoration of the dental occlusion
Restore the range of motion and minimize the risk of trismus when the TMJ is involved
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complex reconstruction. The soft tissue defect component is the most important fac-
tor on the functional result of the mandibular reconstruction and will determine the 
flap choice (Fig. 3.8) [17, 47, 48].

The ideal flap should provide anatomic, functional, and esthetic restoration. 
Anatomically, the soft tissue coverage should restore cutaneous and mucosal 
lining; minimize infections, salivary leak, and fistula formation; augment the 
wound bed; protect vital structures (e.g., carotid vessels); and tolerate adjuvant 
therapy. The bony reconstruction should restore the bony height, length, and 
inter-arch relationship, allow the placement of dental implants and prosthesis, 
and, when indicated, reconstruct the TMJ articulation. Functionally, the 

a b

Fig. 3.7  (a) Marginal resection. (b) Segmental resection

Fig. 3.8  Large en bloc resection of the mandible. The soft tissue defect component will determine 
the flap selection
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reconstruction should restore oral competency, speech, mastication, swallow-
ing, and occlusion. Esthetically, it should restore facial symmetry, profile, and 
facial width and height.

Anterior mandibular defects should be reconstructed with vascularized bone 
when possible. Lateral defects are also best reconstructed with vascularized bone. 
However, if the patient’s general medical condition or prognosis makes him/her a 
poor candidate for a free tissue transfer, plate reconstruction with or without pedi-
cled soft tissue flap might be the best option [23, 49, 50].

3.7	 �Flap Selection

Microvascular free tissue transfer has afforded the surgeon an opportunity to 
more critically address the esthetic and functional outcome of mandibular recon-
struction due to the wide array of tissue that can be used. Primary mandibular 
reconstruction has been refined to the point that it can be offered to virtually all 
patients who are faced with the devastating prospect of ablative surgery [47]. We 
will briefly review the most common bony flaps used for mandibular reconstruc-
tion (iliac crest, scapula, and fibula), followed by detailed discussion on using the 
fibula (Fig.  3.9). The radial osteocutaneous flap does not provide sufficient 
amount of bone stock and therefore has a limited role in mandibular reconstruc-
tion [35].

3.7.1	 �Iliac Crest Osteocutaneous Flap

The iliac crest osteocutaneous free flap, described separately by Taylor et al. [31] 
and Sanders and Mayou [32] in 1979 and popularized by Urken for mandibular 
reconstruction, is based on the deep circumflex iliac artery (DCIA) and deep cir-
cumflex iliac vein (DCIV) [51–53]. These vessels arise from the external iliac ves-
sels (Fig. 3.10). It can be harvested with skin and muscle making it ideal for large 
composite defects. It provides a large cancellous bone stock that has ideal height 
and width for the placement of dental implants.

When the iliac crest osteocutaneous free flap is used to reconstruct lateral man-
dibular defects, the ipsilateral ilium is harvested using the anterior superior iliac 
crest as the mandibular angle. For anterior mandibular defects, opening osteotomies 
are necessary to contour the bone. The thin pliable internal oblique muscle can be 
harvested with the flap to reconstruct the lining of the oral cavity and recreate the 
buccal and lingual sulci. The ascending branches of the DCIA should be preserved 
to harvest the internal oblique muscle (Fig. 3.10) [35].

Although the iliac crest osteocutaneous free flap provides ideal bone stock for 
mandibular reconstruction (Fig.  3.11), the donor site morbidity is of primary 
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Fig. 3.9  Common donor sites for flaps used to reconstruct oromandibular defects (JKG ©2015 
Mount Sinai Health System)
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concern making the fibula free flap a preferable donor site. Ventral hernia and gait 
disturbance are the feared complications. Reinforced closure can prevent hernia 
formation. Gait disturbance can be a problem in the immediate postoperative period 
[35]. The short vascular pedicle and the bulky skin paddle can also make the recon-
struction challenging.

a

b

Fig. 3.10  (a) Anatomy of the iliac crest osteocutaneous free flap. (b) Inset of the iliac crest osteo-
cutaneous free flap

Fig. 3.11  Postoperative panorex showing the large bony stock of the iliac crest osteocutaneous 
free flap
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3.7.2	 �Scapula Free Flap

The scapula free flap was popularized by Swartz for mandibular reconstruction in 
1986 [33]. It is based on the subscapular artery and vein, which most commonly 
arise from the third part of the axillary artery and vein. The two major branches of 
the subscapular artery are the circumflex scapular artery and the thoracodorsal 
artery. The circumflex scapular artery runs through the muscular triangular space 
and branches into both transverse and descending cutaneous branches, which form 
the basis of the scapular and parascapular fasciocutaneous flaps, respectively. When 
the thoracodorsal vessel arises from the subscapular system, a latissimus dorsi flap 
can be harvested with the scapular flap (Fig. 3.12) [54].

This versatile flap has many advantages. In addition to the scapular bone, this 
flap can provide a large, separate and flexible skin paddle, allowing the reconstruc-
tion of large composite and through-and-through defects. The latissimus dorsi mus-
cle can also be incorporated which has an important utility to cover vital neck 
structures especially in the irradiated patient. The ability to use the thoracodorsal 
artery in a reverse flow design adds significant length to the pedicle and facilitates 
reconstruction in the vessel depleted patient [35, 54].

The donor site morbidity is well tolerated and does not affect ambulation. This 
makes the flap ideal in older patients whom immobility can add significant morbid-
ity or in patients with peripheral vascular disease [35, 54].

a b

Fig. 3.12  (a) Anatomy of the scapula and the latissimus dorsi free flap. (b) Inset of the scapula 
free flap and the latissimus dorsi free flap

3  Mandibular Reconstruction



78

The decreased shoulder range of motion, the need to turn the patient during the 
procedure, and the difficult two-team approach are some of the disadvantages of this 
flap. The harvested bone provides a large bony stock; however, it can be too thin to 
place dental implants particularly in the female patient (Fig. 3.13) [35, 54].

3.7.3	 �Fibula Free Flap

Taylor et al. first introduced the fibula flap in 1975 for extremity reconstruction 
[30]. It was not until 12 years later when Hidalgo popularized its use for man-
dibular reconstruction [34]. Since then, multiple modifications and applications 
of the fibula flap have been proposed [55–59]. In 1994, Wei et al. popularized the 
incorporation of a skin paddle to the fibula and proofed its reliability [56]. The 
fibula free flap has since become the workhorse donor site for mandibular recon-
struction [35].

The vascular supply to the fibula is through the peroneal artery and two venae 
comitantes. The peroneal artery originates from the posterior tibial artery. 
Throughout its course lateral and posterior to fibula, it maintains a uniform cali-
ber (2–3 mm) that matches many vessels in the head and neck for anastomosis 
[60]. It provides both endosteal and periosteal circulation to the fibula bone mak-
ing multiple osteotomies possible [56]. The peroneal artery sends multiple sep-
tocutaneous and/or musculocutaneous perforators to the skin of the lateral leg. 
One or two perforators can be found in the posterior crural septum at the junction 
of the middle and lower third of the fibula which can provide adequate circula-
tion to a skin paddle approximately 22–25 cm in length and 10–14 cm in width 
[61]. When the quality or caliber of the skin perforators are doubtful, incorpora-
tion of a cuff of the underlying soleus and flexor hallucis longus muscle can be 
advantageous [62]. The lateral sural cutaneous nerve innervates the lateral skin 
of the leg, and this nerve can be preserved and reinnervated to restore sensation 
to the skin paddle [57].

The fibula bone is triangular in cross section with high-density cortical bone, 
which allows reliable osseointegration of dental implants due to primary stability, 

Fig. 3.13  Postoperative panorex after scapula bone flap
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withstanding the forces of mastication [63]. 20–26 cm of bone can be harvested that 
allows reconstruction of large osseous defects and near total mandibulectomy 
defects [64]. When harvesting a skin paddle with the bone, the posterior crural sep-
tum that contains the perforators allows easy manipulation of the skin during the 
flap inset. The skin is pliable and thin which is ideal to restore intraoral lining. 
Preserving 6 cm of the fibula bone proximally and distally will maintain ankle and 
knee stability and will avoid injury to the common peroneal nerve which wraps 
around the fibular neck (Fig. 3.14).

The height of the fibula (12–15 mm) is insufficient to reconstruct both the basal 
and alveolar bone [65, 66]. Implant placement becomes more challenging, and 
prosthetics replacement of the alveolar bone will be required to provide lower lip 
support. Several techniques have been developed to restore alveolar bone height. 
The fibula can be inset 1 cm above the inferior border of the mandible to facilitate 
implant restoration, while a soft tissue cuff is used to fill the inferior border irregu-
larities [67]. Double barrel design can also be used in some cases especially in 
symphyseal reconstruction to replace both basal and alveolar bones (Fig.  3.15) 
[68]. Lastly, vertical distraction has been used to increase the height of the fibula 
[69, 70].

a

b

Fig. 3.14  (a) Anatomy of the fibula free flap. (b) Inset of fibula free flap
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The flap is not without donor site morbidities. However, they are minimal and 
tolerable in most patients. The long visible scar can be problematic to young 
patients who prefer to wear short clothing. If the skin defect is wider than 4 cm, 
skin graft is required which can result in a poor cosmetic result. The function of the 
lower extremity can also be affected. Extensive dissection of the flexor hallucis 
longus muscle and/or its motor nerve can cause weakness in toe dorsiflexion. 
Excessive distal osteotomy can cause ankle discomfort and decreased range of 
motion [17, 71, 72].

Careful planning and good technique can minimize these complications. Suturing 
the flexor hallucis longus to the tibialis posterior muscle and the intermuscular sep-
tum can minimize its contraction. Preserving the flexor hallucis longus muscle 
motor nerve and minimal dissection to maintain its vascular supply can minimize 
muscle weakness [71, 73].

A summary of fibula free flap advantages and disadvantages is presented in 
Tables 3.2 and 3.3.

Fig. 3.15  Postoperative panorex of a double barrel fibula free flap and implant reconstruction

Table 3.2 Advantages

Long bone
Thick cortex
Long vascular pedicle with good 
caliper
Dual blood supply to the bone
Allows two-team approach
Can be harvested with fascia, muscle, 
and/or skin

Table 3.3 Disadvantages

Insufficient bone height
Long scar
Need to graft large soft tissue defect
Weakness in toe dorsiflexion
Ankle discomfort and gait disturbance
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3.8	 �Fibula Orientation

The fibula is triangular in cross section and has three surfaces: a plating surface, a 
surface that has the vascular pedicle, and a surface that carries the skin perforates 
(Fig. 3.16).

When planning the reconstruction for a segmental defect, the surgeon 
should be aware of the orientation of the fibula bone. The plating surface 
should be buccal and the surface that carries the peroneal vessel should be 
lingual. The vascular pedicle exit point should be posterior. However, in TMJ 
reconstruction or in a previously operated neck with vessel paucity resulting 
in the need to go to the contralateral neck for a recipient vessel, the vascular 
pedicle should exit the fibula anteriorly to avoid acute turns at the level of the 
joint and having to double back down to the neck resulting in a shortened 
pedicle (Fig. 3.17).

By following these principles, the posterior crural septum carrying the perfora-
tors can either be superior or inferior depending on whether the ipsilateral or contra-
lateral fibula is used. If the posterior crural septum is positioned inferiorly, the skin 
paddle can easily cover external skin defects or a mucosal ridge defect if the mesen-
tery is stretched over the plating surface. If the posterior crural septum is facing 
superiorly, intraoral mucosal defects can be easily closed with minimal stretch of 
the perforators (Fig. 3.18).

Fig. 3.16  Cross section of fibula free flap showing the perforator to the skin paddle
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With preoperative lower extremity imaging, the surgeon can evaluate the vascu-
lar supply to the fibula and plan the reconstruction. In some circumstances (trauma 
to lower extremity or atherosclerosis), the surgeon has one available extremity for 
harvest. Therefore, understanding of the fibula flap orientation and geometry will 
allow proper planning and inset.

Fig. 3.17  Inset of the fibula free flap with a vascular pedicle exit anteriorly (yellow arrow)

Fig. 3.18  Donor site selection: fibula free flap inset and orientation. If the ipsilateral fibula is used 
to reconstruct the mandibular defect and the vascular pedicle exits posteriorly (at the angle), the 
skin paddle will be extraoral. If the contralateral fibula is used and the vascular pedicle exits at the 
angle, the skin paddle will be intraoral
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3.9	 �Plating and Fixation

The choice of fixation (rigid vs nonrigid) in mandibular reconstruction does not 
seem to influence the healing of the graft and the need for intervention for com-
plications [74, 75]. However, the use of rigid fixation, using reconstruction plates, 
has many distinct advantages. In the case where the mandible is not distorted, the 
plate is contoured to the native mandible and fixed to the bone using bicortical 
screws proximal and distal to the area of the proposed resection. The plate is then 
removed and the screws are tagged. Following the mandibulectomy, the plate is 
replaced and secured to the remaining segment using the previously labeled 
screws, ensuring the exact anatomical alignment of the segments (Fig. 3.19). This 
is not possible when using nonrigid techniques. Furthermore, it is easier to shape 
the bone flap and fix it into a specific gap rather than to have to estimate its posi-
tion and shape when the fragments are free floating [74]. Other advantages of 
rigid fixation are early resumption of oral function, avoidance of intermaxillary 
fixation, maintenance of the condylar position, and restoration of lower facial 
form [38, 76].

In cases when the tumor distorts the buccal cortex of the mandible or if the tumor 
margin might be violated in attempts to expose the outer cortex, the plate cannot be 
precontoured to the native mandible. In this situation, different techniques can be 
used: (1) use of temporary long miniplate, spanning the defect while resection 
occurs; (2) fixation of proximal mandibular segments to maxillary tuberosities with 
temporary supramucosal miniplates while resection occurs; (3) use of intermaxillary 
fixation in dentate patients with anterior segment resection; (4) use of external fixa-
tion systems [75, 77]; and (5) use of virtual surgical planning. In virtual surgical 
planning, a mirror image of the unaffected side can be created and superimposed on 
the affected side and a stereolithographic model can be generated. This “hybrid” 
model can be used to precontour the plate intraoperatively (Fig.  3.20) or have a 

Fig. 3.19  Plate was contoured on the native mandible prior to the resection and now fixed to pre-
drilled holes prior to flap inset

3  Mandibular Reconstruction



84

custom patient-specific plate designed and milled by the plating company [78] 
(Fig. 3.21).

The plate is fixed to the mandible on either side of the defect using at least 3–4 
bicortical screws. With the use of the locking screws, less accurate adaptation of the 
plate can be accepted. However, to minimize plate extrusion, the plate should abut 
the underling bone and minimize the dead space. Reconstruction plates are stress 
shielding and will insure stability of the reconstruction during the healing period 
and allow early function. However, this stress-shielding effect may cause deminer-
alization and decrease in bone strength [79].

The fibula segments should be fixed to the plate using monocortical screws to avoid 
injury to the vascular pedicle on the medial side. Only few screws are needed to fix the 

c
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Fig. 3.20  (a) Tumor distorting the outer cortex of the mandible. The plate could not be contoured 
on the native mandible. (b) 3-D CT reconstruction showing the extent of the tumor with expansion 
of the outer cortex. (c) Virtual planning of a double barrel free fibula design. (d) Stereolithographic 
hybrid model was made from the virtual computer planning. (e) The hybrid model was used to 
prebend the plate
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flap to the plate. Adherence to good technique during screw placement, including the 
use of a drill guide and copious chilled saline irrigation is essential to avoid thermal 
injury to the bone and subsequent screw loosening and hardware failure.

3.10	 �Flap Tailoring and Osteotomies

Depending on the size and location of the defect, a single segment, two segments, or 
multiple segments are used to shape the fibula to the mandibular contour (Fig. 3.22). 
Because of the fibula’s dual blood supply, osteotomies can be done, leaving only 
periosteal blood supply to the osteotomized segments. The healing of the osteoto-
mized fibula is not different between endosteal circulation only, periosteal circulation 
only, and circulation from both systems [56, 61]. In order to preserve an adequate 
blood supply, the osteotomized fibula segments should not be smaller than 3 cm [17].

Closing wedge osteotomies are used to create the 3-D contour of the mandible. 
The osteotomies can be done “freehand” or using computer-aided design and com-
puter-aided manufacturing (CAD-CAM) cutting guides (Fig.  3.23). This can be 
done on the back table or while the fibula pedicle is still uninterrupted. The wedge 
design should allow adequate contouring and maximize the bone-to-bone contact 
between the osteotomized segments. This requires a clear appreciation of angles in 
more than one plane, which is easier with the flap mobile in hand rather than 
attached by its intact pedicle [67]. Subperiosteal dissection circumferential to the 
planned osteotomy should be made. A thin malleable should be placed subperioste-
ally on the medial surface to protect the pedicle during the osteotomy. Each osteoto-
mized fibula segment should intimately abut the adjacent segments or native 
mandible without interfering soft tissue impingement to ensure bone-to-bone con-
tact and to promote bony union. Once the contouring is done, miniplates or wires 
can be used to hold the segments prior to rigid fixation.

Fig. 3.21  Patient specific plate milled from a block of titanium
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3.11	 �Donor Vessel Selection

There is plethora of vessels in the head and neck region that can be used for the 
microvascular anastomosis. However, patients with history of prior neck dissection, 
radiation therapy, regional metastasis or atherosclerosis may have limited options.

Recipient vessel exploration should be done prior to the flap harvest. This will 
allow the surgeon to plan the type of free flap, the orientation of the flap during 
inset, and the need for interpositional vein grafts. Ischemia time is also reduced 
when the vessels are ready for the microvascular anastomosis.

At least one artery and one vein should be explored, isolated, and prepared for 
the anastomosis prior to the flap harvest. When selecting the donor vessels, the 
length, location in relation to the planned flap pedicle, and caliber should be 
considered.

a

b

Anterior

additional slots for trimming

Fig. 3.23  (a) Virtual design of the osteotomy guide. (b) CAD-CAM generated osteotomy guides 
is used to guide the wedge osteotomies in a complex double barrel fibula free flap design

a b

c

Fig. 3.22  Contouring of the fibula segments to the shape of the mandible. (a) One segment. (b) 
Two segments. (c) Multiple segments
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Branches of the external carotid artery and the thyrocervical trunk are most com-
monly used for the arterial anastomosis. The external jugular, common facial, trans-
verse cervical, and internal jugular veins are most commonly used for the venous 
anastomosis.

The transverse cervical artery, a branch of the thyrocervical truck, is very use-
ful in patients with neck vessel paucity after previous radiation and/or neck dis-
section. It is usually not affected by the external beam radiation therapy or neck 
dissection. In the more complex cases, the contralateral neck vessels should be 
reached to complete the anastomosis. However, this usually requires a vein graft. 
The internal mammary artery and vein are also available to harvest in the neck-
depleted neck [80].

After the donor vessels are selected and prepared, the vessels are irrigated with a 
vasodilator, such as papaverine or lidocaine, and covered to prevent desiccation.

3.12	 �Flap Contouring and Insetting

The bony defect size is first measured. Then the pedicle length required for the 
donor vessel to reach the recipient vessel should be measured. Once this determi-
nation is made, the fibula flap can be tailored, and more proximal pedicle length 
can be gained by performing subperiosteal dissection, leaving the periosteum and 
muscle cuff and discarding the excess proximal bone. After ensuring adequate 
reach and size match of the pedicle to the donor vessels, the bony component of 
the flap is osteotomized and inset to the defect underneath the plate. The con-
toured graft is then fixed to the reconstruction plate with consideration of the 
geometry of the soft tissue component and the vascular pedicle. Monocortical 
screw fixation to the plate is recommended over bicortical screws to minimize risk 
of bone devascularization [67]. The bony graft should be oriented to place the 
vascular pedicle on the lingual side and the exit point at the angle when possible 
to maximize pedicle length [34].

The next step is insetting the soft tissue component of the flap. The soft tissue 
component of the flap is inset with care not to create torsion or tension on the small 
septo- or musculocutaneous perforators. Horizontal mattress sutures are used to 
insure watertight closure to minimize the risk of salivary leak and fistula formation. 
When the soft tissue paddle is used to close inaccessible defects, the skin can be 
partially inset prior to the bony inset.

Finishing the majority of the flap inset prior to the anastomosis has many advan-
tages: (1) the insetting of the flap into defects of the pharynx and oral cavity must 
be accomplished with maximum exposure, which may be limited when the sur-
geon is concerned about disruption of the completed anastomosis; (2) the insetting 
is also facilitated by working with an ischemic flap, which frees the surgeon from 
the troublesome bleeding and engorgement that occur after revascularization; and 
(3) the position of the donor vessels becomes fixed after insetting, which elimi-
nates the guesswork of setting the tension on the vascular pedicle [81].
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3.13	 �Microvascular Anastomosis

After completing the flap inset and preparing the recipient and the donor vessels, the 
anastomosis is done using the operating microscope.

The anastomosis is started with the arterial system. The donor artery should 
match the caliber of the recipient artery. It should demonstrate a brisk pulsatile 
bleeding when the clasp is released. The anastomosis is done circumferentially 
using 9–0 or 10–0 interrupted nylon sutures. The venous anastomosis is then per-
formed using circumferential sutures or a coupling device when possible.

The pedicle should lie in the neck without any tension or kinking. The head posi-
tion should be accounted for. If the pedicle is redundant, the pedicle should be 
tagged to the underlying tissue to give it a gentle curve. The remaining inset can be 
completed at that time.

Careful attention to proper drainage of the neck is important to avoid hematoma 
formation or infections. Drainage should ensure evacuation of accumulated blood, 
exudate, or chyle which may lead to secondary infection. Open drainage system 
(Penrose) can be placed near the anastomosis, and closed drainage system (Jackson 
Pratt) can be placed in the dependent areas of the neck away from the anastomosis 
to prevent venous collapse and flap congestion.

3.14	 �Special Considerations

3.14.1	 �TMJ Reconstruction

The TMJ is a unique joint. It is a ginglymoarthrodial joint that produces both rota-
tional and translational movements. Functional reconstruction of the TMJ is chal-
lenging. When oncologically sound, the TMJ and subcondylar stump should be 
preserved [82, 83]. If the resection involves the condyle, vascularized reconstruc-
tion is preferred with a goal to avoid complications such as malocclusion, difficulty 
in mastication, trismus, ankylosis, and loss of posterior mandibular height [35].

In resections that involve the condylar head, the proximal end of the fibula is 
rounded to simulate the shape of a condyle and inserted into the glenoid fossa 
(Fig. 3.24) [83]. Interposition of soft tissue into the joint space is important to prevent 
ankylosis [35]. A cuff of muscle is used to cover the neocondyle and act as an inter-
position graft. Other materials such as lyophilized dermis can be used as an interpo-
sitional graft [84]. To prevent “sag” of the neocondyle, suspension should be placed 
using Mitek sutures to the glenoid fossa or nonresorbable sutures to the zygomatic 
arch or temporal fossa. A pseudarthrosis develops that seems to be well tolerated and 
functional, although no translation of the neocondyle is possible [83]. Alloplastic 
materials such as prosthetic titanium implants, proplast, and silastic are mostly aban-
doned in oncological resections because of the high risk of complications such as 
erosion of the glenoid fossa [85], foreign body reaction, infection, and joint ankylosis 
[86]. Nonvascularized autogenous bone grafts such as costochondral bone and carti-
lage can undergo resorption, fracture, and hardware failure [35, 85, 87].
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3.14.2	 �Irradiated Patients

Patients with osteoradionecrosis and heavily irradiated wounds are at higher risk of 
wound healing complications. The feared complication in these patients is fistula 
formation and salivary contamination of the anastomosis and the carotid artery 
resulting in flap failure or carotid blowout, respectively. In high-risk patients, cover-
age of these vital vascular structures with a well-vascularized muscle is indicated. 
This may involve the incorporation of a segment of the latissimus dorsi muscle 
when using a scapular free flap (Fig. 3.12), or the use of the pectoralis major muscle 
separately for coverage in the neck.

3.15	 �Prosthodontic Rehabilitation

The final phase of mandibular reconstruction is restoring the dentition. The use of 
vascularized bone grafts provides a good platform for the placement of dental 
implants. Long-term success of dental implantation in fibula-based mandibular 
reconstruction has been well documented [88, 89]. It is important to realize that the 
goals to reconstruct the outline form of the lower third of the face and limited bone 
volume of the fibula can result in a significant height discrepancy with the native 
jaw. These factors for prosthetic rehabilitation are ameliorated with computer-
assisted planning and implant framework design (Fig. 3.25).

Titanium implants can be placed immediately at the time of flap reconstruction 
or can be delayed after the reconstruction. Traditionally, implants were delayed 
4–6 months after the initial reconstruction to allow healing of the wound, comple-
tion of radiation therapy and planning the prosthetic phase. Unless carefully 
planned, implants placed in the primary setting can lead to poor implant position 
and angulation making prosthetic restoration difficult if not impossible [88]. The 
decision for immediate placement and taking advantage of the blood supply prior 
to radiation therapy needs to be weighed against these considerations. Additionally, 
immediate implant placement cannot always be performed (e.g., the perforator 
surface is facing superiorly). Delayed implant placement has to be performed in 
such cases.

Fig. 3.24  Postoperative panorex after fibula free flap to reconstruct the TMJ/ramus complex. 
Temporary maxillomandibular fixation allows condylar positioning
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When planning the reconstruction of the complete dental arch with an implant-
borne fixed prosthesis, a minimum of five or six implants with the greatest anterior-
posterior spread is recommended to minimize the cantilever forces of the posterior 
extension of the prosthesis. Three to four implants are recommended for unilateral 
hemi-arch mandibular defects. As the defect crosses the midline, more implants are 
necessary to support the prosthesis [90]. No more than two implants are placed on 
any small fibula segment so as not to compromise perfusion of the bony segment or 
fracture of the segment [91].

In recent years, the use of computer-assisted planning has allowed prosthetic-
guided treatment planning and implant placement. Computer-assisted planning pro-
vides a platform for prosthodontic treatment planning by using a radiographic 
scanning device worn by the patient during cone beam computerized tomography 
(CBCT). Virtual implant surgery and an opportunity to translate the planning to 
stage I surgery with CAD-CAM stereolithographic drilling templates achieve accu-
rate, reproducible position and angulation of the implants in the immediate or 
delayed reconstructive setting (Fig. 3.26) [90, 92].

a

c d

b

Fig. 3.25  (a) Three-dimensional reformation of mandible reconstruction with a fibula free flap. 
Scanning appliance (in red) identifies the position of the occlusal and facial surfaces of the teeth 
for virtual implant surgery and the fabrication of a CAD-CAM surgical template. (b) Definitive 
prosthesis with cantilevered framework to be fixed with screw retention. (c) Favorable mucosal 
reaction 1 week after insertion. The patient is restored to normal overbite and cross-bite relation-
ship. (d) Panoramic view of fibula free flap reconstruction with four implants and one into native 
mandible supporting the framework of the definitive prosthesis. Note the location of the implants 
to plating screws determined on computer planning software (Courtesy of Dr. Devin Okay)
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Fig. 3.26  (a) Computer-assisted planning for a 70-year-old gentleman after fibula reconstruction 
of the right mandible from angle to symphysis. (b) In anticipation for implant rehabilitation, recon-
struction plate screws are placed away from implantable bone. (c, d) The marginal branch of the 
facial nerve was involved resulting in lip asymmetry. Support to the lower lip with an implant 
prosthesis can camouflage lip asymmetry. (e) The implant fixed dental prosthesis is screw retained 
for retrievability. (f) The occlusion is restored to bilateral contact. (g) Panoramic radiograph of 
completed reconstruction (Courtesy of Dr. Devin Okay)
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3.16	 �Postoperative Care

Patients who undergo vascularized free flap oromandibular reconstruction routinely 
have a temporary tracheostomy to prevent airway compromise during the immedi-
ate postoperative period. The majority of patients can be decannulated within the 
first 5–7 days.

Many of the patients are nutritionally compromised preoperatively. 
Postoperative nutrition is important and essential to their general health, wound 
healing, and fast recovery. The severe edema and limited mouth opening prohibit 
the patient from oral feeding in the immediate postoperative period. Also oral 
feeding can have detrimental effects on the flap and wound breakdown when an 
intraoral skin paddle is used. Therefore, to ensure healing, minimize wound 
breakdown and salivary leak while maintaining the patient’s nutritional needs, a 
feeding tube should be considered.

The use of perioperative antibiotics to cover the oral and cutaneous flora should 
also be considered. Deep venous thrombosis (DVT) chemoprophylaxis using low-
dose heparin is essential to prevent postoperative DVT [93]. Antiplatelet therapy 
(asprin) is used to minimize pedicle thrombosis. These interventions do not seem to 
increase the incidence of postoperative hematoma when compared with the other 
anticoagulation agents [94, 95]. However, other data has demonstrated an increase 
in complications with the use of anticoagulation [96]. The flap is monitored accord-
ing to the surgeon’s preference. Doppler and pinprick at frequent intervals are used 
to check for the flap viability.
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Current Concepts in Maxillary 
Reconstruction

Subramania Iyer and Krishnakumar Thankappan

4.1	 �Introduction

The concepts in maxillary reconstruction are still evolving when compared to the 
reconstruction of the mandible. Maxillary defects affect the functions of the speech, 
swallowing, and mastication and also cause cosmetic disfigurement. Rehabilitation 
of the maxillary defects is either possible by using an obturator prosthesis or by a 
surgical reconstruction. A variety of reconstructive methods are available. The clas-
sification systems are also many, none universally accepted. The oncologic safety of 
these procedures is still debated and conclusive evidence in this regard has not 
emerged yet. Management of the defects of the orbit associated with maxillectomy 
is an area yet to be solved. Tissue engineering, though thought to be one of the pos-
sible solutions for this reconstructive problem, has not come out with reliable and 
reproducible results yet. This chapter discusses the rationale and oncological safety 
of reconstructing the maxillary defects, critically analyzes the classification sys-
tems, and discusses the different reconstructive methods and controversies in this 
scenario. The management of the retained and exenterated orbit associated with 
maxillectomy is reviewed. The surgical morbidity, complications, and the recent 
advances in this field are also looked into. An algorithm, based on our experience, 
is presented.
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4.2	 �Obturator Versus Reconstruction

Maxillectomy defects traditionally were reconstructed using split-thickness skin 
grafts to line the cavity to facilitate a prosthetic obturator placement. After the cav-
ity healing, an interim and later a permanent obturator was provided. The retention 
was achieved by anchoring to the remaining teeth [1]. To facilitate obturator place-
ment in edentulous patients and in cases of bilateral maxillectomy, osseous inte-
grated implants were used in the adjacent bony structures like the zygoma [2]. 
Obturation of the maxillary defects as a permanent definitive option is still practiced 
widely due to its relative safety and the lesser surgical time. This method has an 
advantage of immediately restoring the dentition, but the flap reconstructions 
require further procedures or dentures. It has been believed that permanent sealing 
of the maxillary cavity would hinder its inspection during follow-up for any recur-
rences. However, there are many disadvantages with the use of the obturator like the 
inadequacy in sealing leading to poor oronasal separation and instability of the pros-
thesis due to the lack of buttressing areas. This becomes more evident when the 
defect is wider and posteriorly placed [2, 3]. Quality of life studies (QOL) have 
shown low scores in patients using obturators when compared to the surgical recon-
struction. Kornblith et al. [4] observed that patients with defects more than a third 
of the soft palate and a fourth of the hard palate had poor speech scores and obtura-
tor function. Rogers et al. [5] compared the QOL in a two similar groups of patients 
having either prosthetic or surgical obturation of maxillectomy cavities. These 
patients completed a postoperative semistructured interview with eight sets of ques-
tionnaires. No statistically significant differences were seen between the obturator 
and free flap groups. But they reported borderline trends for obturator patients being 
more self-conscious, concerned about their appearance, to have more pain and sore-
ness in their mouths, more and less satisfied with their upper dentures and function. 
The problems with the use of obturator included larger soft or hard palatal resection, 
defects with facial skin or orbital contents, and the presence of trismus. Okay et al. 
noted that the stability of the prosthesis compromised as the size of the defect 
increased, resulting in poor obturator function and QOL. They concluded that the 
defects involve more than half of the hard palate or those with the defects of the 
premaxilla and both canines were poor candidates for prosthetic reconstruction [6]. 
The influence of the horizontal extent of the palatal defect in determining the suc-
cess of the use of obturators was stressed by Moreno and Hanasono in their com-
parative study of 73 cases with obturation and 40 cases with free flap reconstruction. 
They found a statistically significant reduction in the speech and swallowing out-
come with the use of obturators where the horizontal defect was large [7]. The 
superiority of free flaps in improving the QOL, even in small and medium defects 
of maxilla, was reported by Genden et al. [8]. Adjuvant radiotherapy can cause sig-
nificant problems with obturator rehabilitation. The radiation can cause trismus and 
thereby the difficulty in insertion of the prosthesis and dryness and soreness of the 
mucosa [9]. Genden et al. noted that, in the group of patients who had undergone 
radiotherapy, there was pain and difficulty tolerating the prosthesis. They also 
needed frequent adjustment of the prosthesis [10]. The importance of surveillance 
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of the cavity for recurrences by keeping it open has been supported or negated by 
only very few studies. Moreno et al. [7] compared the average time of presentation 
of recurrence in two groups of patients who had undergone maxillectomy: one 
group had flap reconstruction and the other had patients with obturator. Each group 
was matched for cancer stage and histology. No statistically significant differences 
between the two groups could be detected. Also, they found that the diagnosis of 
recurrence was more frequently made by physical examination in both groups than 
by imaging with CT or MRI scans. But the number of cases included in this analysis 
was too small to reach any reliable conclusion. But the papers supporting recon-
struction, without the support of any evidence, state that endoscopic examination 
and use of imaging modalities like CT and MRI scan can negate the necessity of 
keeping the cavity open.

4.3	 �Classification Systems

Various classification systems have tried to look at the defects, from their functional 
and/or esthetic effects. Some of them have looked at the reconstructive or rehabilita-
tive considerations only. Brown et al. [11] initially classified maxillectomy defects 
into four, based on the vertical and horizontal defect components. The vertical divi-
sions (Classes I–IV) denote the extent of unilateral involvement. The subclassifica-
tions into a–c qualify the defect horizontally, denoting the amount of palate and 
alveolus removed. The loss of the vertical component causes more of an esthetic 
problem, while the horizontal component loss results in greater functional deficits. 
The dental, masticatory, and the articulatory aspects are given by the horizontal 
component, and the esthetic and orbital aspects are highlighted by the vertical com-
ponents. Recently, the authors modified the classification system [12], to include a 
class V defect, the orbito-maxillary defect, and class VI defect, the nasomaxillary 
defect. These two additions do not involve the ablation of the palate or the dental 
alveolus. Modification also included minimal changes in the horizontal classifica-
tion into a–d.

Cordeiro et al. have suggested a four-part classification system [13–15]. They 
used this classification system to assess the surface area to volume requirement, the 
need for the palatal closure, and the need for orbital reconstruction. Triana et al. [16] 
classified the defects into (1) inferior partial maxillectomy, subdivided based on the 
extent of the palate lost, and (2) total maxillectomy subdivided depending on 
whether the orbit was removed and the amount of the malar bone and zygomatic 
arch lost. Okay et al. [6] have described a scheme based on the defect in the hori-
zontal planes. This classification system mainly takes into account the obturator 
stability and the retention.

A classification system should be valid and reliable and should grade the defects 
according to the reconstructive difficulty. It should describe the defect with increas-
ing loss of the reconstructive components and should be the guide to an ideal recon-
structive method. It should serve as a means of documentation for the comparison 
of results and should identify the ability and deficits in achieving the reconstructive 

4  Current Concepts in Maxillary Reconstruction



100

goals. While other systems give much importance on the restoration of the soft issue 
and the bony components, the classification proposed by Okay et al. stressed on 
importance to the dental and alveolar restoration and rehabilitation. The extent of 
the palatal defect itself or the stability for successful obturator retention was given 
prime consideration in their classification. Moreno et al. [7] in their retrospective 
analysis pointed out that the success of denture obturator rehabilitation correlated 
very well when the defects were Type 3 as per Okay classification. They conclude 
that these defects are better covered with free flaps. Brown classification [12] also 
incorporates the horizontal extent of the defect, grading them a–c depending on the 
extent of resection of the hard palate and alveolus. But while considering the options 
in choosing the reconstructive choice of the flap, they stress on the vertical extent of 
the resection than on the horizontal extent. The vertical extent of the defect as well 
as the components involved have been the mainstay of the well-publicized classifi-
cation systems proposed by Cordeiro [3, 17] and Brown. The four-part classification 
system proposed by Cordeiro and colleagues seems simple to follow and is based on 
the number of walls resected as well as whether the orbital contents were included 
in the resection. They used this classification system to assess the surface area to 
volume requirement, the need for the palatal closure, and the need for orbital recon-
struction. They also tried to identify the best flap for a particular defect. But since 
they relied mostly on soft tissue reconstruction only especially with radial forearm, 
the guidance as to the ideal reconstructive choice based on their system of classifica-
tion fails to serve in this purpose. Adding to the deficiencies of the system, this 
classification does not give much importance to the dental restoration. Cordeiro 
et al. [17] in their most recent modification added two subgroups based on whether 
less or more than 50 % of palate was resected but failed to substantiate this with any 
implications in the functional outcome.

The Brown classification is more sound in its principles both in terms of the 
description of the defects and the help rendered for planning the reconstruction and 
rehabilitation. This system does not quantify the amount of skin loss and skull base 
defect. Combining the Okay system palatal defect and the Brown classification as 
done in the series reported by Moreno et al. seems most encompassing but may be 
difficult to follow in all future studies.

4.4	 �Methods of Reconstruction

The reconstructive options described for maxillectomy defects can be regional flaps 
either soft tissue or bone containing flaps, free flaps with either soft tissue alone or 
with bone or combinations of soft tissue flaps and alloplastic implants. The regional 
soft tissue flaps used for reconstruction of these defects include temporalis myofas-
cial flaps [15, 18], facial artery myomucosal flaps (FAMM) [19, 20], buccal pad of 
fat [21, 22], and reverse submental flaps [23, 24]. Of these, the buccal pad of fat 
flaps and the FAMM (Fig. 4.1a–c) flaps are found to be useful in small and lateral 
defects. The temporalis flap [25] (Fig. 4.2a–c) is still useful and popular. But the 
disadvantages of this flap include dehiscence in larger defects and trismus. The 
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a b

c

Fig. 4.1  (a) Facial artery myomucosal (FAMM) flap used for a lateral defect. The palatal lesion. 
(b) Flap marked. (c) FAMM flap sutured to the defect

a b

c

Fig. 4.2  (a) Tumor involving the posterior superior alveolar area. (b) Temporalis flap sutured to 
the defect. (c) Reconstructive outcome 2 years after surgery
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reverse submental artery flap based on the distal facial artery was reported to be 
successful in a series of 13 cases by Wang et al. [24]. The flaps were deepithelialized 
and used to cover inferior maxillectomy defects. These flaps undergo a phase of 
inflammation, granulation tissue re formation followed by epithelialization [26]. 
But all these flaps allowing epithelialization can lead to contraction and obliteration 
of the sulcus, making dental rehabilitation difficult.

The free soft tissue flaps described are radial forearm flaps [15], rectus abdomi-
nis [27], anterolateral thigh flap [28, 29], and deep inferior epigastric perforator 
(DIEP) flaps [30]. The main objective of reconstruction using these flaps is to seal 
the palatal defects. Hence, they are mainly used in cases of maxillectomy with pres-
ervation of the orbital floor. Figure 4.3 shows an infrastructure maxillectomy defect 
reconstructed with free radial fore arm flap. The advantage of these flaps includes 
their long pedicle that makes the vascular anastomosis in the neck easier [31]. The 
drawback of these flaps is their inability to address the need of orbital support, the 
inability to prevent hollowing of cheek, and the difficulty to place dental implants. 
Dental rehabilitation becomes difficult in these cases due to the insufficiency of the 
gingivo-buccal sulcus.

The disadvantages of lack of bony support to the orbit and the absence of skeletal 
support to the cheek, while using soft tissue flap alone, have been addressed in sev-
eral reports by using implants or bone grafts along with them. Bianchi et al. reported 
successful use of iliac crest bone grafts along with both ALT [32] and vertical rectus 
abdominis flaps [33]. The number of cases reported was small, but they claimed the 
bone grafts withstanding postoperative radiation. Hashikawa et  al. [34, 35] used 
titanium mesh for reconstruction of the floor of the orbit and radial forearm free flap 
for covering the titanium mesh and lining the cheek. Obturator prosthesis was used 
for palatal and dental rehabilitation. Sun et al. [36] also reported reconstruction of 
maxillary defects with titanium mesh and radial forearm free flap. Nakayama et al. 
[37] reported using soft tissue flaps like rectus abdominis muscle and ALT in 

Fig. 4.3  Infrastructure maxillectomy defect reconstructed with free radial forearm flap
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combination with titanium mesh for maxillectomy defect reconstruction. The soft 
tissue flaps were put both in front and behind the mesh to prevent its exposure. 
Dediol et  al. [38] in a recent report used a prefabricated titanium mesh, for the 
orbital floor, the infraorbital rim, the zygomatic prominence, the anterior wall of 
maxilla, and the alveolus. The titanium mesh was bent intraoperatively on a three-
dimensional skeletal model. They used ALT flaps in majority of cases for palatal 
obturation. Part of the flap was deepithelialized and used to cover the mesh from its 
anterior aspect.

Many bone flaps have been used in maxillary reconstruction. They provide (a) 
support for the orbital contents (b) alveolar reconstruction, and (c) prominence to 
the cheek. Few regional bone containing flaps have been used for this purpose, but 
most of the reports are those using free bone flaps. The use of the coronoid process 
of the mandible based on the temporalis muscle for orbital support was reported by 
Curioni [39] and Pryor et al. [40]. The coronoid process is harvested long enough 
into the ramus of the mandible enabling it to reach the medial nasal wall, where it is 
attached with the plate or wires. In the cases reported by Pryor et al. the maxillary 
cavity was covered with an obturator. Bilen et al. [41] described a superficial tem-
poral artery (STA)- and vein-based calvarial bone flaps using its outer table. Without 
disrupting the integrity of the fascia and periosteum, the bone was separated into 
two segments. One segment of the bone was used to reconstruct the orbital floor and 
the other for reconstruction of the anterior maxillary wall. Out of the five cases, in 
two, large skin defects were also covered with lateral frontal skin supplied by the 
STA. Yang et al. [42] used the reverse submental deepithelialized flap to carry the 
lower border of the mandible for reconstructing the upper alveolar defect. They 
even used immediate dental implants in these cases successfully. The mandibular 
donor site was filled with a porous polyethylene surgical implant. The disadvan-
tages of these pedicled flaps include difficulty in maneuvering them and the defi-
ciency in soft tissue cover. The behavior of these flaps to radiotherapy is also 
unpredictable [43].

The literature is abundant on the use of free bone flaps for maxillary reconstruc-
tion. The flaps used include fibula osteocutaneous [44–47], scapula [48–50], iliac 
crest [51–53], radial forearm [54, 55], tensor facial lata (TFL)-iliac crest [56], rectus 
abdominis with ribs [57] and TFL-iliac crest with internal oblique [58], and medial 
femoral condyle flap [59]. The need of the bone in maxillary reconstructions is to 
(a) restore midface contour, (b) provide orbital floor support, (c) replace the missing 
alveolar bone, and (d) act as a base for the dental implants. The various bone flaps 
and the methods described utilizing these flaps achieve these goals to a widely vari-
able extent. The radial forearm osteocutaneous flaps have the advantage of a long 
pedicle, large skin paddle for cheek or palatal lining, but with a small thin bony 
segment. Andrades et al. [55] used this flap for zygomatic maxillary buttress with 
the skin paddle used for covering the intraoral defect and the external skin defect. A 
mesh was used for the orbital support. Chepeha et al. [54] used the radial bone for 
orbital floor support and obturator for the palatal defect. In general, the use of it is 
limited in maxillary reconstruction.
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The advantages of the fibula flap include the sufficient bone length that allows 
multiple osteotomies to be made. This becomes important when separate bone seg-
ments are needed for alveolus and the orbital floor support. The intervening segment 
of the bone can be removed for this purpose (Fig. 4.4). But the greater advantage of 
the fibula is the long pedicle length, allowing a tension-free anastomosis in the neck. 
The skin paddle can be used for palatal obturation and the skin cover if needed. The 
disadvantages of the fibula include the lack of soft tissue to fill the maxillary cavity 
especially if a mesh is used for orbital floor reconstruction and the inability to con-
tour it to the needs of orbital floor support. The deep circumflex iliac artery-based 
iliac crest flap was suggested as a better option by Brown et al. [60]. They oriented 
the iliac crest horizontally in their class II defects and vertically in the class III and 
class IV defects. The advantage of the iliac crest, when vertically placed for larger 
defects in restoration of the facial bone buttress, is the support to the nose and supe-
rior lip, and reconstruction of the orbital rim was stressed by Futran [61] and Bianchi 
[53]. The drawbacks of the iliac crest flap have been the short pedicle length and the 
donor side morbidity. The solutions for the short pedicle length are high dissection 
of the facial vessels in the cheek as the donor vessels or by extending the pedicle 
length by use of the ALT flap pedicle as an arteriovenous graft [53]. The scapula and 
parascapular flaps have been increasingly used in maxillary reconstruction [62, 63]. 
The advantages of the scapula include long pedicle length; the two pedicle systems 
that can be used to vascularize the bone, namely, the subscapular vessels and the 
angular artery from thoracodorsal system; and the availability of large amount of 
soft tissues with minimal donor site morbidity. The disadvantage of this flap includes 
the difficulty in harvesting the flap simultaneously, but Clark et al. [49] refute it by 
positioning the patient in such a way that they were able to harvest the flap without 
change of position, thereby reducing the time required in the harvest. The thin bone 
has been criticized for its aptness for implant placement [64].

Fig. 4.4  Free fibula osteocutaneous flap with osteotomies and an intervening segment of bone 
removed to facilitate orbital and alveolar bone support
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Among the less commonly used free bone flaps, the medial femoral condyle 
based on the descending genicular vessels was reported to be useful in a case of 
small anterior or anterolateral alveolar defects by Kademani et al. [65]. In a single 
case report, Sekido et al. [57] harvested a DIEP flap, dissected the vessels through 
the rectus abdominis, and used the cranial part of the rectus muscle to vascularize 
the ninth and tenth ribs. They used these ribs for zygomaticomaxillary buttress 
reconstruction. We have described the use of the iliac crest-tensor fascia lata muscle 
with or without the overlying skin for maxillary reconstruction, where support of 
the globe was needed. Seven successful cases were reported, where the bone used 
was nourished by the attachment of the TFL muscle [66]. The authors reported fur-
ther refinements on this technique, by combining it with the internal oblique muscle 
for orbital lining when orbital exenteration was done [58].

4.5	 �Maxillectomy with Orbital Floor Defects

Two types of defects can result depending on whether the orbital contents are pre-
served or not. When the orbital contents are preserved, the support of the globe 
becomes important. This will depend upon the amount of maxillary walls resected. 
Minimal loss of the orbital floor in a standard maxillectomy may not result in loss 
of support to the contents, since the periorbita will provide it. But when the loss is 
more, either in the mediolateral direction, especially when the lateral orbital walls 
is resected, or in the anteroposterior direction when entire floor of orbit is removed, 
support for the globe may be necessary. This situation also occurs when large area 
of the periorbita is excised for tumor clearance.

The use of soft tissue flaps alone in these situations may not be ideal. The num-
ber of cases with enophthalmos and hypophthalmos was higher in a series reported 
by Sampathirao et  al. [70], when compared to bony reconstruction of the floor. 
Figure 4.5 shows a patient in whom rectus abdominis flap was used (Fig. 4.5a–d,). 
Provision for orbital floor support has been attempted by several methods [67] 
including the use of Prolene mesh, facial or musculofacial slings [68], titanium 
mesh in combination with other flaps [34, 37], free bone grafts along with soft tis-
sue flaps [32, 33], pedicled calvarial [69] and coronoid flaps [39, 40], and free bone 
flaps. The free bone flaps suitable in these cases include the fibula [70], scapula 
[49], DCIA [51, 53], and TFL-IC flap [56]. The simplest solution for orbital sup-
port is the use of a titanium mesh that can be contoured to the defect very well 
(Fig.  4.6). The problem with using the mesh is its high extrusion rate with the 
postoperative radiation therapy. The importance of keeping the mesh posterior and 
not extending it to form the infraorbital rim in order to reduce the extrusion was 
stressed by Sarukawa et al. [71]. They also noted that, if a mesh had to be used, it 
should be straddled on all sides with a robust and vascular soft tissue. The use of 
other non-vascularized tissues is also debatable in view of the radiation therapy. In 
a recent article from MD Anderson group [72], out of the 246 cases, 59 needed 
orbital floor reconstruction. The majority of the cases (30 patients) had non-vascu-
larized tissue or alloplast-titanium mesh; bone grafts were used in 20 patients, 

4  Current Concepts in Maxillary Reconstruction



106

a b
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Fig. 4.5  (a) Palatal involvement by the tumor. (b) Rectus abdominis free flap used to fill the max-
illectomy cavity and the palatal defect. (c) Reconstructive outcome 1 year after surgery and radio-
therapy, frontal view. Note the sagging of the eye on the reconstructed side. (d) Reconstructive 
outcome 1 year after surgery and radiotherapy, lateral view

Fig. 4.6  Titanium mesh 
for orbital support
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porous polyethylene in four patients, and a fascia lata graft in one patient. Four 
patients had bony free flaps. The implant exposure rate in their series of non-vas-
cularized methods was very low. The implant got exposed in two cases of bone 
graft and in one case of titanium mesh. The authors’ preference [70] is for a bone 
flap, either the fibula or TFL-iliac crest. Figure 4.7 shows a patient with maxillec-
tomy defect with orbital floor loss, reconstructed with free fibula osteocutaneous 

a b
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Fig. 4.7  (a) Computed tomography of a patient with maxillary tumor with orbital floor involve-
ment. Sagittal view. (b) Total maxillectomy defect with orbital floor removed. Class IIIa per Brown 
classification. (c) Computed tomography, three-dimensional view showing free fibula flap used for 
reconstruction. (d) Reconstructive outcome 2 years after surgery and radiotherapy, frontal view
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flap (Fig. 4.7a–d). Titanium mesh was used in the cases where the bone flap failed 
to provide the support, either due to the architecture of the defect or poor pedicle 
length, and in patients with the risk for long surgery due to systemic problems. 
Figure 4.8 shows a schematic representation of the three different options of recon-
structing the orbital floor defects associated with maxillectomy with free flaps 
(Fig. 4.8a–c).

a b

c

Fig. 4.8  (a) Line diagram showing the reconstruction with free fibula flap. (b) Line diagram 
showing the reconstruction with free tensor fascia lata with iliac crest flap. (c) Line diagram show-
ing the reconstruction with a soft tissue flap, free rectus abdominis. The fascia of the flap (shown 
in pink) was used as a sling for the orbital contents
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4.6	 �Maxillectomy with Orbital Exenteration Defects

When the orbital contents are exenterated along with a maxillectomy, the defect 
becomes complex with communication of the oral and nasal cavities with exterior and 
occasionally with the cranial cavity. Immediate goal in the reconstruction is achieved 
in such cases by a soft tissue flap like the rectus abdominis as suggested by Hanasono 
et al. [73] and Cordeiro et al. [15]. Figure 4.9 shows a patient with carcinoma of the 
maxillary sinus with orbital content involvement, who underwent orbital exenteration 
along with maxillectomy. Reconstruction was with free rectus abdominis flap 
(Fig. 4.9a–c). The orbital rehabilitation becomes difficult in this method of reconstruc-
tion as only a spectacle borne external prosthesis could be used. Though attempts have 
been to fit an ocular prosthesis in the cavity formed by a muscle flap, the fibrosis that 
sets in pushes out the ocular prosthesis. The use of conventional bone flaps like the 
DCIA flap, fibula flap, or scapula flap does not provide satisfactory reconstruction of 
the orbital cavity. The relative orientation of the bone, muscle, and the skin paddle is a 
restriction for this complex multiaxial reconstruction. A titanium mesh may be used for 
the orbital floor, combined with a free soft tissue flap. But technically it is difficult to 
cover the mesh on the orbital cavity side. Using two flaps like DCIA or fibula for the 

a b

c

Fig. 4.9  (a) Patient with squamous cell carcinoma of the maxilla, preoperative frontal view. (b) 
Maxillectomy defect with orbital exenteration, Brown class IV. (c) Reconstructed outcome with 
free rectus abdominis flap, 2 years after treatment
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suprastructure and a soft tissue flap like radial forearm flap for the palate may be con-
sidered. The authors described a new technique to address this issue by using a TFL-
iliac crest-internal oblique (TFL-IC-IO) flap based on dual blood supply from the 
DCIA and TFL vessels [58] (Fig. 4.10a–c).

a b

c

Fig. 4.10  (a) Maxillectomy with orbital exenteration defect. (b) Line drawing showing the recon-
struction with tensor fascia lata-iliac crest-internal oblique flap (TFL-IC-IO) with dual anastomo-
sis. (c) Reconstructed outcome 1 year after treatment, frontal view
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4.7	 �Algorithmic Approach for Maxillary and Orbital 
Reconstruction

Based on different classification systems available and personal experience, differ-
ent authors have put up algorithmic approaches for maxillary reconstruction. Brown 
[12] discusses the reconstructive options according to his earlier classification as 
well as its modification. He looked at the reconstructions reported till 2009 and, 
after reclassifying them, found that, in class I, radial forearm flap dominated the 
method of reconstruction. In classes II and III, more number of free bone flaps, 
especially the fibula, was used. Other bone flaps used included DCIA and scapular 
tip. In these defects, soft tissue flaps were also used: the radial forearm flap in class 
II and rectus abdominis in class III.  In class IV, majority had either the rectus 
abdominis or latissimus dorsi. When bone flaps were used, DCIA predominated. He 
suggested either obturation or regional flaps or radial forearm flap for class I defects, 
bone flaps for classes II and III, and soft tissue flaps for class IV defects. The bone 
flap preferred was DCIA or scapula or scapular tip based on thoracodorsal vessels. 
Cordeiro and associates [15], based on their 15-year experience in maxillary recon-
struction and based on their classification system, proposed an algorithm for maxil-
lary reconstruction. Their preference was for the use of radial forearm flaps as single 
or double paddles or along with the radius bone as a sandwich flap, in majority of 
the cases. The rectus abdominis flap was used for defects requiring larger amounts 
of soft tissue. Okay [6] and associates after suggesting their classification guided by 
prosthodontic requirements suggested an algorithm. They suggested options similar 
to the ones by Brown et al. They preferred obturation, regional flaps, or soft tissue 
flaps for their type Ia defects, and all others were preferably reconstructed with bone 
flaps. Obturation could also be used in class II defects. They found bone flaps to be 
superior, since they suggested implant placement for proper dental rehabilitation. 
They did not specify the type of bone flaps to be used. While reporting one of the 
largest series of free flap reconstructions in the maxilla, Hanasono et al. [15] from 
MD Anderson group looked at the defects more exhaustively using both Brown and 
Cordeiro classification. The number of subclasses in their algorithm was more, but 
essentially the palato-alveolar, orbital floor, and orbital exenteration defects were 
the main considerations for choosing the method of reconstruction. In general they 
suggested bone flaps (free fibula osteocutaneous flap) for palate alveolar defects 
rather than soft tissue flaps, since they felt that dental rehabilitation was difficult 
with the latter, mainly due to the sagging of the flaps. They opted for alloplastic 
implants or bone grafts in combination, for the orbital floor defects and obliteration 
with soft tissue flaps for orbital exenteration defects. Sarukawa et al. [71] used the 
Cordeiro system and reconstructed only the class III and class IV defects with soft 
tissue flaps. For large palatal defects, they adopted the Brown classification [12] and 
suggested bony reconstruction using the fibula. Based on our experience of over 150 
cases, we have evolved an algorithm as given in Fig. 4.11. We found the Brown 
classification [11, 12] to be more useful and reproducible. Our choice is regional or 
free soft tissue flaps or obturator for the type I defects. Free flaps, especially radial 
forearm flap, were preferred when the defect was larger transversely. In class II 
defects, our choice is the fibula, mainly for its long pedicle length and good bone 
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support. The fibular skin paddle gives a satisfactory oronasal separation. In class III 
defects requiring orbital support, especially when the periorbita is removed or when 
the bone defect is large, the choice is debated. We still use the fibula but find it dif-
ficult to orient the orbital support segment properly in all cases. The other choice is 
TFL-iliac crest flap, especially when the skin defect also needs to be covered. We 
have found the DCIA also to be useful. The only limiting factor is the short pedicle 
length. The use of mesh has been found to be unsatisfactory due to their extrusion 
in majority of the cases where we have used it with the adjuvant radiation. In class 
IV defects, we prefer to provide a bony orbital floor and hence used the TFL-iliac 
crest-internal oblique flaps on the dual blood supply or double flaps with radial 
forearm providing the palatal cover and DCIA-internal oblique for the suprastruc-
ture defects.

4.8	 �Technical Difficulties and Surgical Morbidity

Maxillary reconstruction has been looked at with caution by many centers due to the 
perceived technical difficulties and the associated surgical morbidity. The pedicle 
length has been a problem for the novice in selecting the flap and by experienced to 
limit their flap choices to soft tissue flaps with long pedicles in the majority of situ-
ations [15]. The other alternative was to use superficial temporal vessels as a donor 
[74]. The length of facial artery available in the neck can be increased by dissecting 
it into the cheek, with a vertical incision on the face, the use of vein grafts, and the 
use of composite ALT arteriovenous grafts [53]. The flap loss in larger series has 
been between 3 and 7 %. Hanasono et al. [15] reported an overall complication rate 
of 37.8 %, which included wound infection, dehiscence, fistulae, and medical com-
plications. Notable medical complication was pneumonia (6 %).
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Fig. 4.11  Amrita algorithm for reconstructing the maxillectomy defects
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4.9	 �Distraction Osteogenesis

Distraction osteogenesis has been used for the maxilla and mandible in correcting 
bony deficiencies. Niu et al. [75] used this method in a case of maxillary ameloblas-
toma. During the initial surgery, an internal curvilinear distraction device was put in 
the residual zygoma. After a month, the wound was reopened; this distractor was 
replaced with another to achieve curvilinear distraction osteogenesis of the maxil-
lary anterior alveolar process and straight distraction of the palate. After a couple of 
months, these distractors were removed and the small area of the residual defect was 
bridged with a bone graft. Though the final outcome was satisfactory, the authors 
concede that the procedure was lengthy and needed multiple procedures.

4.10	 �Tissue Engineering

This technique is considered as a possible solution to replace the complex recon-
structive methods. But it has been hampered by the lack of adequate vascularization 
of the engineered constructs and the lack of clinically usable methods of engineer-
ing the constructs. Good manufacturing practices in cell culture and seeding have 
been available and have been reported [76] to be used successfully in segmental 
mandibular and maxillary reconstruction. The autologous cells are handled and pre-
pared without animal-derived material; in good manufacturing practice (GMP) 
standard clean rooms, the cells can be considered safe for clinical cell therapy appli-
cations. Mesimäki et  al. [77] described a novel method using tissue engineering 
methods. In a case of maxillectomy for a keratocyst, they harvested abdominal and 
adipose tissue stem cells. These cells were then isolated and expanded under GMP 
facilities. After 17 days, a titanium cage was inserted, filling it with mixture of auto-
ASCs, beta-tricalcium phosphate, and bone morphogenetic protein into the rectus 
abdominis flap area. After 8 months of follow-up, the flap had developed mature 
bone structures and vasculature. This was then transplanted into the defect. Dental 
implants were successfully placed into the reconstruction subsequently. This 
method used the tissue engineering methods and utilized the microsurgical carrier 
for revascularizing the construct. The Helsinki group has performed ten cases, so 
far, for maxillary reconstructions using this method with three failures (personal 
communication). The computer-aided design is used for prefabricating the tray, 
which at present has been changed to biodegradable materials. The anterolateral 
thigh flap with the vastus lateralis is the preferred carrier for the construct now.

�Conclusions
Maxillary reconstruction is still evolving. Considerable understanding and surgi-
cal advancement have been obtained in various aspects of reconstructing the 
maxillectomy defects. Level of evidence is not very high by which the role of 
obturation versus reconstruction can be defined, but general trend seems to be 
more toward accepting the superiority of reconstruction especially in larger 
defects. An ideal classification for the defects is still not agreed upon; but Brown 
classification seems to be gaining widespread acceptance. The algorithm for 
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reconstruction is again far from being universally agreed upon, and still reports 
claiming superiority of one flap over the other will be in vogue for some time. 
Strictly comparable studies will be difficult to carry out. Hence individual sur-
geon’s choice or institutions practice may still persist. Orbital defects associated 
with the maxillectomy pose a greater challenge. Bony flap reconstruction appears 
to be better. Tissue engineering methods are yet to gain more acceptance and 
may develop novel methods in the near future.
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5.1	 �Introduction

Several organs of multifunctional importance are compactly assembled in the 
cranio-maxillofacial region. Consequently, cancer resections with adequate safety 
margins are often significantly debilitating and call for complex primary or second-
ary reconstructive procedures [1]. Similarly, trauma or atrophy can also originate 
moderate to severe deficiencies in the hard and soft tissues. Regardless of the aetiol-
ogy of the defect, the goal is the replacement of the lost hard and soft tissues together 
with the reestablishment of the patient’s premorbid function and aesthetics. In order 
to achieve an optimal outcome, a comprehensive multidisciplinary team approach is 
needed. Indeed, all dimensions and stages of composite cranio-maxillofacial recon-
struction require high precision and excellent coordination between the reconstruc-
tive surgeon, the prosthodontist and the maxillofacial technician [1–4].

Traditional reconstructive techniques often lead to suboptimal reconstructions 
due to inexact planning, poor communication between the resective and reconstruc-
tive teams [5] or surgical difficulties in adjusting a free flap and osteosynthesis 
plates into a three-dimensional (3D) defect without the help of any templates or 
surgical guides. However, the incorporation of CAD-CAM technologies has enabled 
the refinement of surgical and prosthodontic strategies. These novel technologies 
enable meticulous planning of the surgical and prosthetic phases and permit an 
effective transfer of the preoperative plan to the operating room. This becomes pat-
ent in complex reconstructions, particularly in the context of the prefabrication 
technique for the restoration of complex maxillofacial defects [6–9].
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Selection of the ideal flap depends on the patient’s specific hard and soft tissue 
requirements, dental condition of the unresected jaw(s) and vascular condition of 
the potential donor sites [4]. Small (<4–6 cm) osseous defects may be reconstructed 
with non-vascularised bone grafts if there is well-vascularised peripheral soft tissue 
and an appropriate closure is feasible [10]. Larger and compound (bone and oral 
lining or skin) or composite (bone, oral lining and skin) defects are best recon-
structed with vascularised flaps [1, 10–15]. In the latter cases, where substantial 
bone deficiency is present, the fibula, iliac crest and scapula are currently the pre-
ferred donor sites [5, 8, 11, 16–23].

5.2	 �The Free Vascularised Fibula Flap

Experience with the fibula flap in its osseous or osteoseptocutaneous versions has 
led the maxillofacial community to adopt it as the gold standard option for most 
reconstructions due to its significant anatomical advantages over other methods [1, 
5, 12, 17, 19, 24]. These distinguishing features include the following [1, 13–15, 17, 
19, 20, 25, 26]:

	1.	 Unmatched supply of robust bone with sufficient length (22–26 cm in the adult) 
to reconstruct most maxillofacial defects.

	2.	 Bicorticocancellous structure that is apt for dental implant osseointegration. The 
iliac crest is also suitable for implant placement. However, the more complex 
contour of the iliac crest in comparison to the fibula makes the three-dimensional 
(3D) reconstruction of the alveolar crest more complicated [4].

	3.	 Sizable (2–3 mm in diameter) and lengthy (<15 cm) pedicle.
	4.	 Reliable, thin, pliable and sizeable (22–25 cm in length) skin paddle that can be 

adapted to virtually any type of intraoral or extraoral defect.
	5.	 Potential inclusion of a soleus muscle cuff for bulk.
	6.	 Proximity to the sural nerve, which can be additionally harvested from the same 

donor site in order to provide sensitivity to the flap.
	7.	 Donor site location, which allows for a two-team approach.
	8.	 Acceptable donor site morbidity if the surgical technique and planning are 

meticulous.

Nevertheless, some disadvantages have also been reported, including the follow-
ing [1, 5]:

	1.	 Primary inadequacy of the skin paddle. Intraorally, the skin paddle used in asso-
ciation with the fibular bone in osteoseptocutaneous flaps is too thick and prone 
to inflammation in combination with dental implants [8, 9, 23, 26–28]. 
Consequently, flap shaping and debulking, vestibuloplasty and further soft tissue 
grafting procedures are necessary before installing an adequate implant-borne 
prosthetic rehabilitation. This delays the final restoration an average of 6 months 
[8], during which the patient is often very functionally and aesthetically impaired.
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	2.	 Limited height of the barrel. Anatomically, although the length of the fibula is 
usually sufficient to reconstruct most defects of the cranio-maxillofacial com-
plex, the height of the barrel is limited to 13 mm [29]. In the context of mandibu-
lar reconstruction, placement of the fibula at the inferior border produces an 
excellent mandibular contour, but elongated prosthetic suprastructures are neces-
sary to achieve occlusion, giving way to overloading of the implants due to 
excessive lever arm forces [1]. On the contrary, the placement of the fibula in 
continuity of the residual alveolar ridge yields an inharmonious inferior man-
dibular margin, which is particularly evident in anterior segment defects. In 
order to simultaneously restore alveolar height and mandibular contour, the 
double-barrel fibula flap [30] is routinely used.

	3.	 Difficulty in performing multiple osteotomies. The definition of the configura-
tion and number of osteotomies on the donor bone that will give the reconstruc-
tion its appropriate shape is often a demanding and time-consuming step. This 
disadvantage is a common drawback with other flaps as well. Ideally, surgical 
planning should comprise the detailed design of the number, shape and position 
of the osteotomised donor bone segments.

	4.	 Length of the reconstructive procedure.

5.3	 �The Concept of Prefabrication

Maxillofacial reconstruction with prefabricated flaps entails a dramatic conceptual 
change in the conventional treatment workflow: The starting point is the desired end 
occlusion, in other words, the desired functional-aesthetic outcome. Based on this 
goal, which is absolutely patient-specific, the entire step-by-step reconstruction is 
designed and “prefabricated”.

The prefabrication treatment algorithm involves two technical and two surgical 
steps. The first surgical step is, namely, the “flap prefabrication” stage. The selected 
donor site, most often the fibula, is approached. Dental implants are inserted, and a 
split-thickness skin graft is adapted around them in order to attain a stable epithelial 
soft tissue layer [7, 8]. This thin epithelial layer is essential for successful implant 
integration under stable long-term periimplant conditions [23, 24, 28, 31, 32]. After 
a healing period of 6–8 weeks to allow for implant osseointegration and revascular-
ization of the skin graft, a second surgery is performed in order to harvest the graft, 
osteotomise the bone as necessary (using surgical guides and templates) for its 
adjustment to a pre-prepared prosthesis, and transfer the flap-prosthesis complex to 
the defect. The patient regains full function and aesthetics within 6–10 weeks.

5.4	 �Case Selection

The indication of a staged prefabrication-reconstruction procedure implies careful 
case selection. Two types of variables (defect and patient specific) must be 
considered:
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	1.	 Defect-specific variables:
	(a)	 Cause of the defect:

Regarding the cause that originated the defect requiring reconstruction, an 
important distinction must be made between patients with head and neck 
cancer versus other pathologies:
	(i)	 Non-cancer patients:

In general, the prefabrication technique finds its indications in patients 
with preexisting maxillary or mandibular defects, severe atrophy, benign 
osseous tumours, osteoradionecrosis or chronic osteomyelitis; in other 
words, conditions that allow for a staged approach.

(ii)	 Cancer patients:
The prefabrication technique is usually not recommended in patients 
with active malignant tumours of the head and neck. The need to urgently 
perform primary tumour resection and therapeutical or prophylactic 
neck dissection does not allow for a staged approach. However, cases of 
secondary reconstruction, after primary cancer surgery with curative 
intention (accompanied or not by coadjuvant therapy) and once the 
patient is proven to be disease-free, are excellent candidates for prefab-
rication [4]. In the case of maxillary cancer, the defect can be temporar-
ily closed with an obturator during the period between primary resection 
and reconstruction.

	(b)	 Size of the defect:
As with every microvascular free flap transfer, the particular dimensions of 
the maxillofacial defect to be reconstructed are crucial for the design of the 
ideal reconstructive strategy. The size of the defect must be of at least 2 cm, 
because vascularisation of small free flaps below this size is not predictable 
[4]. Hard tissue deficiencies below 2 cm can be reconstructed with free bone 
grafts provided that the peripheral soft tissue is sufficient in quantity and 
quality (in other words, well vascularised), or adequate soft tissue is trans-
ferred to the defect by means of local, rotational or free microvascularised 
flaps. On the other hand, big compound or composite defects must have a 
reasonable amount of residual healthy bone left, such that the transferred 
flap can be appropriately adapted and fixated to the recipient site [4].

(c)	 Recipient vessels:
In patients who have had previous neck dissection as part of their oncologic 
treatment, the status of the residual blood vessels in the recipient site must 
be specifically evaluated with appropriate imaging techniques. The length of 
the potential flap pedicle must be long enough to reach the recipient vessels, 
preferably without the need for intermediate vein grafts.

	2.	 Patient-specific variables:
	(a)	 Age:

In general, chronological age itself should not be considered an absolute 
contraindication for microvascular reconstruction. Rather, the specific health 
status and underlying diseases of the patient should be the determining fac-
tors for the selection of the reconstructive plan.
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	 (b)	 Vascular anomalies and other comorbidities:
Peripheral vascular disease with complete or incomplete occlusion of the 
blood vessels in the donor site is considered a contraindication to microvas-
cularised flap transfer. In the case of the fibula flap, the status of the peroneal 
vessels should be specifically assessed (e.g. by angiography, digital subtrac-
tion angiography (DSA), gadolinium magnetic angioresonance), especially 
in cases with abnormal pedal pulses or a significant history for leg trauma or 
surgery. Patients with a hypoplastic anterior tibial artery (with blood supply 
to the foot derived primarily from the peroneal artery via a perforating 
branch) must also be excluded for this flap.

Other medical contraindications include any underlying conditions that 
preclude an extended operative procedure or result in a hypercoagulable 
state that cannot be medically controlled. Relative contraindications include 
any disorders that have a potential impact on the patient’s coagulation or 
healing capacity (e.g. severe obesity, connective tissue disorders, venous 
insufficiency, uncontrolled diabetes mellitus).

5.5	 �Workflow

Maxillofacial reconstruction with a prefabricated fibula flap entails a series of tech-
nical and surgical steps that are chronologically and logistically coordinated as fol-
lows [6–9, 33]:

	1.	 Technical stage one: Prosthetic and surgical planning

The starting point of prosthetic planning is the desired end occlusion. In partially 
dentate patients, the ideal outcome is an implant-supported fixed partial denture. 
Hence, the starting point is the position of the future restored dentition in proper 
engagement with the opposing remaining dentition. Edentulous patients may be 
provided with either a fixed prosthesis if sufficient implants will be available, or 
with an implant-supported or implant-assisted overlay denture [4].

Impressions are taken with a trial denture. Maxillomandibular records are 
obtained and transferred to a semiadjustable articulator. These records are verified 
clinically together with speech and aesthetic parameters. According to these, the 
desired position of the restored teeth is established with respect to the residual denti-
tion. At this point, the trial denture is duplicated and processed in resin, including 
strategically inserted radiopaque markings.

Subsequently, 3D polyamide stereolithographic models of the donor fibula and 
the skull are fabricated by rapid prototyping technology (Fig. 5.1). To this effect, 
high resolution computed tomography (CT) scans of the lower limbs and the skull 
are obtained. In the case of the latter, the patient is scanned with the trial denture in 
occlusion, and later an additional scan of the prosthesis alone is obtained. In par-
tially dentate patients, a thin splint of radiotransparent material is fabricated in order 
to slightly increase the patient’s vertical dimension and hence obtain a clear record 
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of the dental contours. This enables the precise superimposition of the scanned 
portion of the prosthesis within the defect thanks to the radiopaque markings.

The planned defect is created in the skull model (Fig. 5.2). The desired occlusion 
is then transferred to the skull model (Fig.  5.3). In partially dentate patients, an 
occlusal key is highly recommendable and will be very handy for graft positioning 
in the final surgical step (Fig. 5.4). The base of the trial prosthesis is reduced in 
order to leave enough space for the new alveolar ridge to be reconstructed with the 
fibular bone. Based on the desired occlusion, the ideal number of implants and loca-
tion of the fibular osteotomy(ies) are marked (Fig. 5.5).

In the 3D model of the donor fibula, the outline of the fibular vessels is repre-
sented, for instance, by a red string. Pencil markings are made throughout the 
length of the bone on its posterior aspect (Fig. 5.6). These markings are subse-
quently carved with a round burr. A plaster cast is fabricated to keep exact control 
of fibular position. Former carvings are positivized in the plaster model, thereby 
maintaining the fibula in the exact same position on the plaster cast. Extra ink 
markings are drawn on the lateral aspect of the bone and continued on the plaster 
cast (Fig. 5.7). Hence, two marking systems are used to serve as a double check 
(Fig. 5.8).

Subsequently, the surgeon designs the number and configuration of the fibular 
osteotomies and their position in relation to the defect and fibular vessels (Fig. 5.9). 
After an impression of the whole reconstruction is taken with silicone putty, the 
occlusal splint together with the denture teeth and planned dentition-bearing bone 
segments are removed from the reconstruction. A duplication of the construct fibu-
lar bone dentition is fabricated (Fig. 5.10). The construct formed by the splint, the 
desired dentition and the dentition-bearing fibular segments is mounted on a plaster 
cast (Fig. 5.11). This plaster model represents the residual dentition with the stereo-
lithographic fibular segments that will be used to restore the alveolar ridge. 
Following the drill markings on the occlusal splint, the preplanned implant position 

Fig. 5.1  3D stereolithographic models of the donor fibula and the skull
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Fig. 5.2  Simulation of the anticipated defect

Fig. 5.3  Trial partial denture setup mounted on the stereolithographic model
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Fig. 5.5  Implant planning based on ideal teeth position: In this case, four implants are planned in 
two bone segments. The black line marks the exact location of the osteotomy

Fig. 5.6  3D stereolithographic model of the donor fibula: The left fibula is the first choice for the 
reconstruction of right maxillary defects. The outline of the fibular vessels is represented by a red 
string. Pencil markings are made throughout the length of the bone on its posterior aspect

Fig. 5.4  Occlusal splint
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Fig. 5.7  A plaster cast is fabricated to keep exact control of fibular position. Former carvings are 
positivized in the plaster model, thereby maintaining the fibula in the exact same position on the 
plaster cast. Extra ink markings are drawn on the lateral aspect of the bone and continued on the 
plaster cast. Hence, two marking systems are used to serve as a double check

Fig. 5.8  Close view of 
cast marks to accurately 
position the fibula: Positive 
code markings on the 
plaster shell corresponding 
to the posterior aspect of 
the bone and reciprocal ink 
marks on the bone and cast 
corresponding to the lateral 
aspect of the bone

Fig. 5.9  Planned reconstruction with a three-segment fibular graft
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is transferred to the fibular bone (Fig. 5.12). The dentition-bearing fibular segments 
are easily remounted on the fibula plaster shell thanks to the markings on the bone 
and cast (Fig.  5.13). The technician then fabricates a surgical template to guide 
implant placement in the first surgical procedure (defining implant position and 
angulation) and osteotomy performance in the second surgical step (defining the 
number, position and angulation of the fibular osteotomies) (Fig. 5.14).

	2.	 Surgical stage one: Flap prefabrication

The lateral aspect of the selected donor fibula is exposed through a standard 
approach. Particular attention is paid to periosteum preservation. The surgical tem-
plate fabricated in technical stage one is mounted on the fibular bone in the exact 
preplanned position and fixed to it with the help of miniscrews (Fig. 5.15). Implant 
sites are prepared according to the drill guides of the template. After removal of the 

Fig. 5.10  Duplication of the construct fibular bone dentition
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template, the planned implants are inserted. Sterile pickup impression copings are 
connected, and an impression is taken with silicone material. During this procedure, 
the bone and implants are protected with a rubber dam. Subsequently, the poly-
merised impression together with the copings and rubber dam is removed, and 
implants are sealed with cover screws.

Subsequently, a 0.5 mm split-thickness skin graft is harvested, for example, from 
the anterior thigh. The graft is adapted over the fibula segment containing the 
implants, which adequately emerge above previously prepared holes (Fig.  5.16). 
Resorbable 4/0 polyglactin sutures are used to fix the skin graft in place, and the 
whole fibular segment is covered with an expanded polytetrafluoroethylene (PTFE) 
membrane (Fig. 5.17).

	3.	 Technical stage two: Fabrication of the prosthesis

Implant fixture analogues are connected to the copings, and a master cast is fab-
ricated (Fig. 5.18). The previously fabricated surgical template is secured to the cast 
via the implants. Subsequently, the cast is “osteotomised” along the vertical shields 
of the template just as if it was the fibular bone. The segments are then bent to the 
planned position in order to reproduce the contour of the maxilla. A plaster master 
cast is obtained from this. The previously prepared prosthesis is then connected to 
the implant analogues (Fig. 5.19), and a fixed partial denture is fabricated (Fig. 5.20). 
This new prosthesis is installed on the fibula model, and the construct can be then 
transferred to the defect of the stereolithographic model of the skull in proper occlu-
sion. The surgeon is then able to plan graft fixation to the residual bone and to pre-
bend the fixation plates (Fig. 5.21).

Fig. 5.11  The construct formed by the splint, the desired dentition and the dentition-bearing fibu-
lar segments is mounted on a plaster cast. The fibular segments are kept in place with the help of 
silicone material
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Fig. 5.12  Transfer of the preplanned implant position to the fibular bone segments following the 
drill markings (Fig. 5.5)

Fig. 5.13  The dentition-bearing fibular segments are easily remounted on the fibula plaster shell 
thanks to the markings on the bone and cast (Figs. 5.7 and 5.8)

Fig. 5.14  Fabrication of surgical template to guide implant placement (first surgical step) and 
osteotomy performance (second surgical step)
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Fig. 5.15  Surgical template mounted on the planned fibular region and secured in place with four 
miniscrews

Fig. 5.16  Split-thickness 
skin graft placed over the 
lateral aspect of the fibula 
containing the implants. 
Adequate emergence of the 
caps is achieved by 
perforating the graft with a 
rubber dam plier

Fig. 5.17  The whole 
fibular segment is covered 
by a PTFE membrane 
which is secured in place 
with the help of three 
screws
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	4.	 Surgical stage two: Final reconstruction

Six weeks after flap prefabrication, the fibula is reexposed. Removal of the bar-
rier membrane reveals a newly formed epithelial tissue around the implants and 
along the lateral sides of the fibula, in other words, along the future alveolar ridge. 
The cover screws secured to the implants are removed, and the fibula is osteot-
omised distally and proximally. After clipping and releasing the vessels distally, the 
graft is dissected from distal to proximal. Prior to proximal vessel release, the 

Fig. 5.18  Plaster cast model fabricated using the impression taken during surgical stage one. 
Impression copings have been removed. In this case, the impression has been taken on multiunit 
level

Fig. 5.19  Plaster cast model separated in two segments according to the plane determined by the 
surgeon. The two segments are repositioned into the occlusal splint
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Fig. 5.20  Using a mini-parallelometer, the segments of the bar construction are placed and fixed 
in between the bar abutments using the technique of laser welding

Fig. 5.21  Plate positioning and prebending on the skull model
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surgical template is repositioned on the implants (Fig. 5.22), and the fibula is oste-
otomised as indicated by the vertical shields (Fig. 5.23). Proper configuration of the 
bone segments according to the preplanned contour is achieved by mounting the 
prosthesis onto the bone (Fig. 5.24). The vessels are then clipped proximally, and 
the prosthesis-fibula-muscle-vessel construct is transferred to the recipient site and 
positioned according to the occlusion dictated by the opposing dentition (Fig. 5.25). 
Intermaxillary fixation allows for the stabilisation of the construct in this position, 
while the prebent plates are used to fix the construct to the defect. Microvascular 
anastomoses are then performed.

Six months after the reconstructive procedure, the definitive acrylic prosthesis 
with a titanium scaffold is fabricated and installed with no need of further prepro-
sthetic soft tissue procedures.

Fig. 5.22  Repositioning 
of the surgical guide on the 
fibula, prior to proximal 
vessel release

Fig. 5.23  Osteotomies are 
performed placing the saw 
exactly parallel to the 
vertical shields of the 
template

D. Rohner et al.



135

5.6	 �Clinical Examples

Fig. 5.24  Graft 
configuration according to 
the preplanned contour by 
mounting the prosthesis 
onto the bone while 
maintaining flap perfusion

Fig. 5.25  Graft fixation 
according to the desired 
final occlusion

Case 1
A 40-year-old patient underwent a left hemimaxillectomy due to an adenoid 
cystic carcinoma of the palate. Six years later, a massive recurrence involving 
the skull base required radical resection of the left orbit. Taking into account 
the need for coadjuvant radiotherapy, the defect was reconstructed with cra-
nial bone grafts and a free latissimus dorsi flap. After the end of the radio-
therapy, the patient developed an osteoradionecrosis of the previously 
reconstructed anterior skull base and zygoma.
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The starting point of the preoperative plan was the desired occlusion 
(Fig. 5.26). Four bone segments and additional muscle were planned in order 
to reconstruct the volume of the maxillary defect (Fig. 5.27). Six weeks after 
a first stage of prefabrication in which five implants were inserted and the 
future mucosal lining was prepared, the flap was transferred to the defect and 
fixated in proper occlusion with the opposing mandibular dentition (Fig. 5.28). 
The patient underwent an uneventful postoperative recovery. Six months after 
the reconstructive procedure, the definitive acrylic prosthesis was fabricated 
and installed with no need of additional soft tissue adjustments (Fig. 5.29).

Fig. 5.26  The starting point was the desired occlusion according to the residual dentition

a b

Fig. 5.27  Design of the number and configuration of the fibular osteotomies in order to 
reconstruct the maxilla and zygoma. (a) Front view. (b) Side view
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a b

Fig. 5.28  (a) Conformation of the new alveolar ridge by mounting the prosthesis onto the 
bone while graft vascularity is still maintained. (b) After proximal vessel release, the con-
struct was bent to its final configuration and transferred to the defect, where it was posi-
tioned according to the occlusion of the opposing dentition

a b

Fig. 5.29  Final result at 2-year follow-up. (a, b) Frontal and three quarters’ view. An 
acceptable aesthetic outcome enables the patient to continue with his social and profes-
sional activities. (c) Stable occlusion with adequate bone and soft tissue support
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c

Fig. 5.29  (continued)

Case 2
A 72-year-old patient presented a segmental mandibular defect of the right 
body and ramus with malocclusion and persistent luxation of the right con-
dyle (Fig.  5.30, top). He suffered from chronic mandibular osteomyelitis 
since 5 years. Several attempts of reconstruction with non-vascularised grafts 
had failed. Preoperative virtual planning with VoXim® software (IVS 
Technology GmbH, Chemnitz, Germany) (Fig. 5.30, bottom) allowed for the 
production of a solid stereolithographic model with the ideal occlusion and 
corrected mandibular position. Patient-specific templates were subsequently 
produced for the prefabrication and final reconstruction stages (Fig. 5.31). 
The patient underwent an uneventful postoperative recovery. Six months 
after the reconstructive procedure, the definitive acrylic prosthesis was 
installed on the implants with no need of additional soft tissue procedures 
(Fig. 5.32).
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Fig. 5.30  Top: Segmental 
defect of the right 
mandible as a result of 
chronic osteomyelitis. 
Bottom: Virtual planning 
of the reconstruction with 
VoXim® software

Fig. 5.31  Final 
reconstruction

Fig. 5.32  Final prosthetic rehabilitation. The active metaplasia of the skin graft in the graft 
towards normal oral mucosa can be appreciated
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5.7	 �Additional Remarks Apropos Maxillary Defects

In extended maxillary defects where a prefabrication approach is planned, an impor-
tant distinction must be made between the palate and the alveolar ridge. Whereas 
the deficient alveolar ridge contour must be reconstructed with fibular bone in order 
to allow for adequate implant support, there is no need for a bony reconstruction of 
the hard palate. The latter, together with the soft palate, may be efficiently restored 
using an adequate muscle cuff attached to the fibula bone flap. As it happens with 
the temporalis muscle flap for the closure of oroantral and oronasal fistulas, the 
muscle cuff will initially react with hypergranulation and secondarily with meta-
plastic epithelialisation (Fig. 5.33).

The reconstruction of a maxillary defect often ends up having a long pedicle run-
ning along the ascending ramus of the mandible towards the neck. In some of these 
cases, an ossification of the pedicle may occur (Figs.  5.34 and 5.35). This 

a b

Fig. 5.33  Initial hypergranulation (a) that gradually transforms into stable metaplastic mucosa (b)

a b

Fig. 5.34  Vascular pedicle ossification. Case example 1. Reconstruction of the right hemimaxilla 
after enucleation due to extensive fibrous dysplasia involvement. The ossification appeared 6 
months after surgery. (a) Palpable cervical “string” corresponding to the ossified vessels and 
restricted mandibular motion. (b) Panoramic view of the reconstruction after excision of the calci-
fied perivascular tissue
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calcification process of the vessels is most probably due to the presence of osteo-
conductive and/or osteoinductive cells around the vessels. These cells “follow” the 
course of the pedicle supported by the anterograde flow impulse within the pedicle 
vessels. At any rate, the ossification of the vascular pedicle may lead to an increas-
ing limitation in the mandible’s range of motion, which can require surgical dissec-
tion and removal of the calcifications.

5.8	 �Advantages of Prefabrication Over Traditional 
Reconstructive Procedures

Compared to conventional maxillofacial reconstruction with microvascular fibular 
grafts, prefabrication has the following advantages:

	1.	 The starting point of preoperative planning is always the desired position of the 
restored dentition in adequate occlusion to the opposing healthy dentition or 
bone [4]. This ensures an optimal position of the flap that enables prosthetically 
ideal implant placement.

	2.	 The future gingiva is prefabricated and thus incorporated into the flap. This 
mucosal lining is suitable for successful implant integration under stable long-
term periimplant conditions [23, 24, 28, 31, 32] and spares the patient from 
secondary multistage soft tissue procedures prior to prosthetic rehabilitation 
[6–8, 33].

	3.	 Operating room time, ischemia time and handling trauma to the graft are reduced. 
This is due to several factors: First, the position and design of the osteotomies are 
planned and transferred to a surgical guide that will aid the surgeon intraopera-
tively. Second, plates are prebent according to the stereolithographic simulation 
in order to further facilitate and speed up accurate graft fixation. Third, the need 
for additional hard or soft tissue augmentation procedures is foreseen in the 3D 
model and hence can be planned for specifically, leaving no space for intraopera-
tive improvisation.

Fig. 5.35  Vascular pedicle ossification. Case example 2. Reconstruction of the right hemimaxilla 
after resection of a squamous cell carcinoma. The ossification appeared 5 months after surgery
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5.9	 �Conclusions and Future Perspectives

Proficient reconstruction of maxillofacial defects with microvascular techniques 
must be driven by the goal to achieve optimal, functional and aesthetic results. To 
this effect, an interdisciplinary design of the treatment plan is absolutely mandatory. 
Since the occlusion is the particular key point in maxillofacial reconstruction, the 
dental-trained specialist must necessarily be involved in the planning process from 
the beginning. Open communication between all involved specialists and the agree-
ment on a uniform treatment strategy is essential for a successful outcome.

Prefabrication in its original form is only used in selected cases where a staged 
approach is feasible. However, a meticulous preoperative planning is mandatory in 
every case that needs bone resection and subsequent reconstruction. Therefore, the 
fabrication of drilling templates and cutting guides and the preparation of recon-
struction plates should be considered state of the art in all types of maxillofacial 
reconstruction.

Efficient planning may be executed practically, using 3D models, or virtually, 
using 3D software tools. Both approaches are equally acceptable; the selection of 
either one depends on the availability of technical and infrastructural logistics in 
each individual setting. At any rate, both strategies must allow for the thorough 
evaluation of the 3D complexity of the anticipated defect, design of an accurate 
anatomical reconstruction plan, and achievement of optimal prosthetic rehabilita-
tion. Currently, the workflow described in this chapter entails the fabrication of 
solid models, but the future goes in the direction of complete virtual simulation that 
includes implant planning. However, to date, a comprehensive virtual planning soft-
ware tool that enables complete planning of the reconstruction and prosthetic reha-
bilitation is still lacking [33].
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6Tongue and Floor of Mouth Defect 
Reconstruction

Hans C. Brockhoff II  and Brent B. Ward

6.1	 �Introduction

The tongue and floor of the mouth represents an anatomically small compartment 
within the head and neck, but it is a complex collision of tissue types and function. 
This area is perhaps often overlooked in the hierarchy of importance due to the 
concealment of the overlying lips and maxillomandibular complexes, but nonethe-
less demands the utmost attention to the reconstructive surgeon. There are numer-
ous tissues of distinct embryologic origins that interface with one another. Applying 
a thorough understanding of the relevant surgical anatomy, reconstructive options, 
and scientific information can lead to individually tailored approaches which opti-
mize surgical outcomes. The focus of this chapter will be on reconstruction of the 
tongue and floor of the mouth defects that are compositely less than or equal to a 
hemiglossectomy. There will be a systematic and straightforward approach that 
both the neophyte and seasoned surgeon alike can glean from.

Early efforts at oral reconstruction were directed primarily at simply achieving 
closure of a defect with the avoidance of significant complications. A limitation of 
reconstructive options was partly attributable to this mentality. The emergence of 
new operative techniques led to a reexamination of these goals with an eye toward 
optimization of both form and function [1, 2]. Following an ablative procedure, 
considerations should be made toward reestablishing both mobility and soft tissue 
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volume that are vital toward achieving the most optimal function in deglutition and 
intelligible speech. Current options employed for oral reconstruction include pri-
mary closure, skin grafting, pedicled flaps, and free flaps [1–5].

6.2	 �Quality of Life Considerations

Measuring success in oral reconstruction is not exclusive to flap survival or 
healing of a graft, but must take into consideration the reestablishment of presurgi-
cal function. Discussions regarding both functional and aesthetic outcomes should 
be a part of any preoperative workup. Clinical examination in conjunction with 
pertinent radiologic imaging should give indication of the anticipated location and 
size of the ablative defect. Gauging the patient’s level of motivation and overall 
medical status will additionally help to include or exclude more surgically 
complex options such as a free tissue transfer.

The ability to maintain adequate swallowing function after surgery is a significant 
quality of life issue. During the oral phases of swallowing, tongue mass and mobility 
is critical for mastication. Coordinated movements off of the opposing dental alveolar 
arches lead to moistening, formation of a food bolus, and positioning the food more 
posteriorly. As the pharyngeal phase of swallowing takes over, the mass of the tongue 
(particularly the posterior third) aids in the generation of negative pressure in the 
hypopharynx, anterior elevation of the larynx, and prevention of aspiration [6].

Numerous studies of various designs have looked at functional outcomes in 
speech and tongue mobility following oral cancer surgery [7–9]. Lam et al. pub-
lished a systematic review of the current research on the topic. A total of 21 articles 
qualified for their final review. They found that patients with resection and free flap 
reconstruction limited to either the oral tongue or base of tongue had significant 
decline in speech and swallowing function evident early in the postoperative phase 
but the majority recovered close to the preoperative level after 1 year. Resections 
involving the anterior tongue as well as the base of tongue demonstrated poorer 
speech and swallowing outcomes regardless of the type of free flap used for recon-
struction. Lastly, multiple factors were influential including tumor size, location, 
method of reconstruction, and the use of adjuvant therapy.

Lee et al. recently reported long-term subjective tongue function following par-
tial glossectomy without reconstruction. They concluded that patients who undergo 
partial glossectomy without reconstruction generally demonstrate good function on 
long-term follow-up (average 78.9 months with a range of 14–277). Additionally, 
subjective dysfunction was correlated with larger resection volume, older age, and 
shorter follow-up duration [7].

Another perhaps less investigated element contributing to quality of life is con-
sideration toward the presence of obstructive sleep apnea (OSA) following head and 
neck cancer treatment [10, 11]. Nesse et al. found a prevalence of 12 % of OSA 
following surgery [10]. Gilat et al. reviewed their experience of patients who under-
went radial forearm free flap reconstruction following oral cancer and noted disor-
dered sleep was recorded on polysomnography in 73 % of their patients with 53 % 
meeting the criteria for diagnosis of OSA.  Considerations toward screening and 
discussions concerning appropriate treatment of this comorbid condition may ensue.
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6.3	 �Relevant Surgical Anatomy

6.3.1	 �Muscles of the Tongue

The mobile muscular organ, the tongue, can take on a variety of shapes and 
movements. The approximate length of the tongue is 12–14 cm. The anterior two 
thirds (anterior to the terminal sulcus) occupy the oral cavity proper, while the 
posterior one third (the terminal sulcus to the epiglottis) reside in the orophar-
ynx. There are four paired extrinsic muscles (genioglossus, hyoglossus, stylo-
glossus, and palatoglossus) comprising the tongue. The origins of these muscles 
are outside the tongue and are responsible mainly for overall movement with 
some alteration to the shape. The intrinsic muscles include the superior longitu-
dinal, inferior longitudinal, and transverse and vertical muscles which comprise 
the core of the tongue and lend the tongue the ability to alter its shape (i.e., nar-
row, curl, flatten, etc.) [12–14].

6.3.2	 �Innervation

Four nerves are responsible for the overall innervation of the tongue. In regard to 
motor function, all muscles of the tongue are innervated by the hypoglossal nerve 
(CNXII), except for the palatoglossus which is innervated by the vagus (CNX). 
General sensation to the anterior two thirds of the tongue is provided by the lingual 
nerve (CN V3). Special sensory to this same region is from the chorda tympani (CN 
VII) via the lingual nerve. The posterior third and vallate papilla acquire the major-
ity of its general sensation and special sensory from the glossopharyngeal (CN IX). 
A small contribution to both general and special sensory derives from the internal 
laryngeal nerve, a branch off of the vagus (CN X) [12–14].

6.3.3	 �Blood Supply

The main blood supply to the tongue arises from the lingual artery, which is a branch 
from the external carotid. This artery arises at approximately the level of the hyoid 
bone in the Pirogoff triangle (whose triangular boundaries include the intermediate 
tendon of the digastric muscle, the posterior border of the mylohyoid muscle, and 
the hypoglossal nerve). As the lingual artery courses its way anteriorly, it passes 
deep to the hyoglossus muscle and superficial the middle pharyngeal constrictor 
before it divides into the deep lingual, dorsal lingual, sublingual, and suprahyoid 
arteries in the deep posterior portion of the tongue. The deep lingual is responsible 
for supplying blood to the anterior portion of the tongue, while the dorsal lingual to 
the posterior. The paired deep lingual arteries (terminal branch) will communicate 
with one another near the tongue apex forming a rich plexus. The dorsal lingual 
arteries are not privileged to this and are prevented from communicating by the 
lingual septum. The sublingual artery breaks off at the anterior border of the hyo-
glossus muscle and travels along the genioglossus and sublingual gland as it heads 
toward the anterior mandible. Smaller contributions of blood supply to the tongue 
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are derived from the ascending pharyngeal (branch off the external carotid) and 
tonsillar (branch off the facial) arteries [12–14].

The venous supply of the tongue may be slightly varied from their arterial counter-
parts. The deep lingual veins originate at the apex and drain into the sublingual vein or 
into the lingual vein, while the dorsal lingual veins will drain directly into the lingual 
vein. Eventually, tributaries from the sublingual veins, suprahyoid veins, dorsal lingual 
veins, and deep lingual veins will find their way into the internal jugular vein [12–14].

6.3.4	 �Floor of Mouth Anatomy

A thin drape of mucosa lines the floor of the mouth. Topographically the lingual 
frenulum divides the right and left sides. The sublingual papillae, which are located 
on either side of the frenulum, are the exit point of the submandibular ducts. The path 
of the submandibular duct creates the sublingual fold (plica), which is the continua-
tion of the submandibular duct overlying the deeper positioned sublingual gland. 
Along the ridge will be numerous tiny openings of the sublingual ducts [12–14].

The mylohyoid is a broad triangular sheet of muscle forming the mobile dia-
phragm of the oral cavity. A median fibrous raphe exists delineating the right from 
left. Innervation arises from the mylohyoid nerve (a branch from V3) that runs along 
the inferior belly of the muscle. The posterior free edge is where the submandibular 
gland resides. The geniohyoid is a narrow bellied muscle lying just on top of the 
mylohyoid. The innervation arises from the first cervical nerve that travels along-
side the hypoglossal nerve. The relevant structures seen lateral to the hyoglossus 
muscle include the lingual nerve, hypoglossal nerve, venae comitantes of hypoglos-
sal nerve, and the submandibular duct. The relevant structures that run medial to the 
hyoglossus muscle include the lingual artery, glossopharyngeal nerve, and stylohy-
oid ligament [12–14].

6.4	 �Considerations for Reconstruction Based on the Size/
Location of Defect

When selecting the appropriate reconstructive option of an oral ablative defect, it is 
helpful to approach the problem by (1) describing the size of the defect in relation 
to the remaining tongue and (2) location of the defect (anterior two thirds versus 
base of tongue versus floor of mouth). As mentioned earlier, the focus of this chap-
ter will be upon defects involving half the tongue (hemiglossectomy) and less, as 
well as defects of the floor of the mouth.

When the defect is confined to the anterior two thirds, or mobile tongue, and 
involves one fourth or less of the tongue, it is reasonable to do primary closure 
(Fig. 6.1a, b). There should be minimal scarring and contracture associated with this 
method, and a healthy enough bulk remains to not significantly impede overall func-
tion. Attention should be made at approximating the tongue in such a way that it 
does not unintentionally introduce rotation or distortion to the tongue.
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If the oral defect equates to less than one fourth of the tongue volume of the 
anterior tongue and involves the floor of the mouth, there is some leniency. If the 
floor of mouth component is minimal, once again primary closure is an option. 
Otherwise, the use of a split-thickness skin graft or allograph dermal matrix can be 
used to minimize scarring and contracture. Significant scarring of the floor of the 
mouth can lead to noticeable tethering of the tongue.

The base of tongue defect should be viewed differently than the anterior two 
thirds. When this area is involved, primary closure can be considered. However, if 
there is any significant rotation or distortion noted or anticipated, then it is wise to 
use a flap for reconstruction.

Lastly, when the size of the defect is between a hemiglossectomy and one fourth 
defect, the tendency is toward the use of a flap reconstruction. Certainly as the defect 
approaches a true hemiglossectomy, the decision is much easier to choose these more 
complex reconstructive modalities. Between these guidelines, patient preference, long-
term functional goals, and defect location lead to discussions and treatments which are 
individualized and designed to optimize the risk/benefit ratios in favor of the patient.

6.5	 �Skin and Skin Substitute Grafts

Skin graft use in oral cavity reconstruction has been well documented and offers a 
simple way to reconstruct smaller ablative defects [15, 16]. Some clear advantages 
of their use includes reduction of contracture compared with healing by secondary 
intention, minimal operative time required, reduced postoperative hospitalization 
compared to free flaps, and minimal morbidity to the donor site.

6.5.1	 �Surgical Technique

The anterolateral thigh is the preferred donor site. This site is prepped and kept sepa-
rated and sterile from the head and neck operative field. An indelible marking pen 
can be used to define the desired length of graft. A skin dermatome is used to harvest 

a b

Fig. 6.1  (a) An isolated partial glossectomy of the mobile tongue with the total defect approxi-
mating one fourth of the overall volume. (b) Primary closure was accomplished with 3-0 Vicryl 
interrupted sutures
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the skin. 0.016–0.018 inches is the desired thickness of skin. A mineral oil is used to 
lather the thigh prior to harvest. When ready to harvest, the assisting surgeon will use 
a tongue blade to flatten the skin and soft tissue slightly ahead of the dermatome. A 
smooth continuous motion is employed to harvest the skin. The donor skin is then 
passed up toward the head. A simple Tegaderm dressing can be applied over the 
anterolateral thigh. The harvested skin is then appropriately trimmed to match the 
intraoral defect. It is critical to make sure that the recipient bed is hemostatic, thus 
reducing the likelihood of graft failure. 3-0 Vicryl interrupted suture is used to secure 
the graft along the periphery. Multiple horizontal mattress sutures should be placed 
in the central portion of the skin graft to secure it. Some surgeons advocate for a 
bolster to be applied especially if the defect involves the floor of the mouth. With 
small isolated tongue defects, it is reasonable to go without.

A second and similar option is to use donated skin, an allograph dermal matrix, 
or other skin substitute in place of a split-thickness graft. The graft is handled, 
trimmed, and secured in a fashion just described. The major advantage is the 
removal of morbidity associated with a second donor site (Fig. 6.2a, b).

6.6	 �Submental Island Flap

The submental island flap was originally described by Martin et al. in 1993 [17]. 
Since then its use in reconstruction following extirpation has been well documented 
with numerous variations both as a pedicled flap and a free flap [17–21]. It is a 
favorable selection in many regards due to its close proximity to the oral cavity, 
suppleness, concealment of donor site when included into a neck dissection, and 
ease of elevation. It can be used as a fasciocutaneous, myocutaneous, or osteomyo-
cutaneous flap. Although hair-bearing skin may provide an excellent match for a 
cutaneous reconstruction, it may prove to be bothersome to a patient when used in 
oral reconstruction. Options for laser treatment can be offered to a patient following 
the postoperative healing period. A significant deterrent for its use by many is the 
setting of oral cavity malignancies where the lymphatic basin capturing the anterior 

a b

Fig. 6.2  (a) An isolated partial glossectomy of the mobile tongue extending onto the floor of the 
mouth with the total defect approximating one fourth of the overall volume. (b) AlloDerm graft 
that was placed was secured with 3-0 Vicryl suture
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tongue and floor of the mouth (specifically level 1) is susceptible to experiencing 
regional metastasis to this node-bearing tissue. Therefore, when a neck dissection is 
indicated, a fastidious and meticulous effort should be implemented [18, 20]. A bal-
ance must be struck with thinning the flap and cleaning it of its fibrofatty tissue 
without compromising the vascular pedicle.

6.6.1	 �Surgical Technique

The patient is placed in the supine position with the head slightly extended. An indelible 
marking pen is used to mark out the inferior border of the mandible, hyoid, and location 
of the facial artery and vein (by use of a pen Doppler). The design of the skin paddle 
should be tailored to the size of the defect and anatomical limitations of the flap. The flap 
can be raised from mandibular angle to angle, with the width being determined by skin 
laxity that would enable primary closure (“pinch test”) and not exceeding 18  cm 
(length) × 7 cm (width) [18–22]. The upper limit of the flap is drawn within 1 cm of the 
inferior border of the mandible to avoid a visible scar. The inferior flap design is drawn 
to form an elliptical skin paddle based on the principles previously mentioned.

Begin with making the inferior skin incision. Continue the dissection down to the 
superficial layer of the deep cervical fascia. Raise the inferior skin flap in a subpla-
tysmal plain to identify the intermediate tendon of the digastric muscle. Next make 
your superior skin incision, and identify the anterior belly of the digastric near its 
insertion point at the mandibular symphysis. Carefully dissect laterally to identify 
the facial artery and vein as they cross the inferior border of the mandible near the 
antegonial notch. Be mindful of the marginal mandibular branch of the facial nerve 
during this portion of the procedure which will lie superficial to your pedicle and 
can be identified with a nerve stimulator and thus protected. Starting distally, elevate 
the skin paddle toward the proximal in a plane superficial to the mylohyoid muscle. 
Continue raising the flap as the ipsilateral anterior belly of the digastric is encoun-
tered. The perforators may arise medially or laterally to the muscle, and thus care 
must be taken to avoid injury in this area. Divide the attachments of the anterior 
belly of the digastric muscle. You may choose to include a cuff of mylohyoid muscle 
deep allowing an additional layer of protection [23]. Once the anterior belly of the 
digastric with the mylohyoid have been divided, continue dissection over the under-
lying geniohyoid. Dissection of the submental vessels is completed by releasing the 
deep fascial attachments. Once adequate length has been achieved, create a gener-
ous pocket for the ease of transfer into the intraoral defect. Do not neglect the final 
pedicle geometry, which could inadvertently twist or kink during the transfer.

6.7	 �Platysma Flap

The platysma flap was originally described by Paul Tessier in 1970 [24]. It is a reliable, 
axial pattern, pedicled flap that can be utilized for oral reconstruction. Advantages 
include ease of access, minimal donor-site morbidity, thin, and versatile [25, 26]. There 
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are three variations of a platysma flap. The inferiorly based flap receives its arterial 
supply from the transverse cervical artery and does not have an application in oral 
reconstruction. Both the superiorly and posteriorly based flaps may be utilized for oral 
cavity reconstruction. Contraindications for these flaps include prior radiation and pre-
vious surgery in the neck which would have resulted in violation of the blood supply.

6.7.1	 �Surgical Technique

6.7.1.1	 �Posteriorly Based Flap
The occipital artery, which is located within the fascia at the anterior border of the 
sternocleidomastoid muscle (SCM), is the axial blood supply that a posteriorly based 
flap is designed from. Venous drainage is through the external jugular vein. The 
patient is placed in the supine position with the neck extended. The skin paddle design 
should be situated over the ipsilateral platysma in the submental region, elliptical, not 
crossing the midline, and with the long axis being perpendicular to the muscle fibers. 
The outlined skin paddle is incised, leaving the underlying platysma muscle layer 
intact. A horizontal incision is then carried posteriorly from the incised paddle, with 
care not to damage the underlying muscle. The horizontal incision is taken past the 
anterior border of the SCM. A superiorly based neck flap in the supraplatysmal plane 
is raised to approximately the level of the inferior border of the mandible. An inferi-
orly based neck flap can then be performed to gain more exposure of the underlying 
muscle and SCM. A minimum of 1 cm of muscle should be circumferentially around 
the skin paddle. The superior platysma is then transected anterior to posterior, just 
below, and parallel to the inferior border of the mandible. Similarly the platysma mus-
cle is then horizontally excised on the inferior aspect (parallel to the superior incision) 
being sure to leave a minimum of a 4 cm width for survival of the pedicle. The flap is 
then carefully elevated anteriorly to posteriorly to be fully mobilized.

6.7.1.2	 �Superiorly Based Flap
The submental branch of the facial artery and vein are the dominant blood supply for 
the superiorly based platysma flap. Again, the patient should be placed in the supine 
position with the neck extended. The skin paddle is designed lower on the neck over-
lying the ipsilateral platysma muscle. There should be enough length to ensure it can 
be adequately rotated into the defect. It may be incorporated into a cervical incision 
for a neck dissection especially if placed slightly more caudal. The superior incision 
is made first, and then a dissection in a supraplatysmal plane is performed extending 
to the inferior border of the mandible (Fig. 6.3a). The platysma muscle is then tran-
sected horizontally 1 cm below the skin paddle to ensure a cuff of muscle is main-
tained. A subplatysmal plane of dissection is then carried out toward the inferior 
border of the mandible. Toward the proximal portion of the flap (near the inferior 
border of the mandible), attention should be paid to the facial artery perforators. The 
dissected plane should be slightly deeper here to include these perforators. Following 
the completion of both planes of dissection, the flap is transected vertically, anteri-
orly, and posteriorly in order to be mobilized. It can then be carried into the defect 
through a created pocket and subsequently inset (Figs. 6.3b and 6.4).
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6.8	 �Radial Forearm Free Flap

The first flap described based off the radial artery was described by Taylor et al. in 
1976 [27]. However, it wasn’t until Yang et al. published their results in 1981 on 60 
radial forearm free flaps as a fasciocutaneous graft that it began to gain momentum 
[28]. Since then, it has become a widely used flap for oral reconstruction, especially 
for the significant glossectomy defect [1–3]. Advantages include restoration of 
tongue volume, restoration of tongue mobility, pliability of skin, and opportunities to 
have a two-teamed approach to shorten operating room time. Numerous variations of 
the radial forearm free flap have been described including some proponents creating 
a sensate flap should the lingual nerve be sacrificed during the ablative portion of the 
procedure [29]. A beavertail modification has also been described by Seikaly et al., 
in which additional fat from the forearm can be included in the harvest and used for 
restoration of defects needing larger volumes of reconstruction (Fig. 6.5). This seems 

a b

Fig. 6.3  (a) A superiorly based platysma flap following the elevation of the supraplatysma skin 
flap. The skin paddle to be used in reconstruction is marked out in an elliptical fashion. (b) The 
same platysma flap inset into a floor of mouth defect, while an AlloDerm skin graft was used to 
cover the tongue portion of the defect

Fig. 6.4  Healed cervical 
incision following a 
superiorly based platysma 
flap incorporated into a 
simultaneous neck 
dissection. You should note 
that the incision is placed 
slightly caudal to where a 
classic cervical incision 
would be placed for a neck 
dissection
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to be particularly effective in base of tongue defects to help improve with the overall 
functional outcomes in speech and swallowing [30] (Fig. 6.5).

The complications associated with use of the radial forearm free flap can be 
numerous. The general complication risks increase with the increased medical 
comorbidities. Additionally, the patient will be subjected longer general anesthetic 
times. There is the possibility for flap failure, decreased grip strength, infection, and 
poor aesthetic outcome of the donor site.

6.8.1	 �Surgical Technique

An Allen test is performed preoperatively to verify that sufficient collateral circula-
tion of the hand is present. The patient will be in the supine position with the arm 
positioned to expose the flexor side of the forearm. The cephalic vein and position 
of the radial artery are marked with the skin paddle centered over these structures. 
The size of the skin paddle should be commensurate with the reconstructive defect. 
The most distal aspect of the skin paddle should be at least 1 cm away from the 
wrist. A tourniquet is applied to the arm and inflated to 250 mmHg. The distal skin 
incision is made first to gain exposure of the radial artery and paired venae comitan-
tes. The radial artery is then ligated and divided. Dissection may proceed either 
from the ulnar or radial direction. If begun from the radial direction, the first struc-
ture encountered will be the cephalic vein which is ligated and divided. The skin 
flap is then elevated to include the deep fascia to the level of the lateral intermuscu-
lar septum (border of the brachioradialis). The superficial branch of the radial nerve 
will be encountered and persevered as the plain of dissection is carried superficial 
(breaking the subfascial plane of dissection). The dissection should then move to the 
ulnar side. Elevation over the tendons of the flexor muscles should leave behind the 
paratenon to allow for skin grafting to the donor site. The dissection is then carried 
proximally by elevating the soft tissue flap with care to preserve the radial artery 
and venae comitantes within the fascial envelope connected to the flap. The 
brachioradialis and flexor carpi radialis muscles are retracted as the radial artery is 

Fig. 6.5  Beavertail 
modification for the radial 
forearm free flap
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traced proximally. A releasing incision in the skin is made at the proximal portion 
of the flap extending approximately 4 cm before the antecubital fossa. Skin flaps are 
elevated in a subcutaneous plane. The radial artery, cephalic vein, and venae comi-
tantes are dissected to their takeoff point and ligated and divided. The flap can then 
be inset into the intraoral defect and the pedicle passed through a tunnel into the 
neck for microvascular anastomosis. The donor site is then closed primarily at the 
proximal aspect where the skin flaps were elevated. The distal site (where the skin 
paddle was harvested) can have a purse-string closure to reduce the size of the cuta-
neous defect and then will in most cases require a skin graft to facilitate the remain-
der of the closure or alternatively an advancement flap (Fig. 6.6).

a

c

d
e

b

Fig. 6.6  (a) A 43-year-old male with a T2 squamous cell carcinoma of the anterior tongue and 
floor of the mouth. (b) The anterior tongue and floor of mouth defect following wide local excision 
of the lesion. (c) Specimen with anatomical structures labeled. (d) Left radial forearm free flap. (e) 
The tip of the tongue was closed primarily, and the radial forearm free flap was inset into the 
remainder of the defect. The blue 5-0 Prolene stitch on the skin paddle marks the site of the 
Doppler signal for a skin perforator
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7Total Glossectomy Defect 
Reconstruction

Vijay Pillai and Vikram D. Kekatpure

7.1	 �Introduction

Advanced tumours of oral tongue or base of the tongue have poor oncological out-
come and are functionally debilitating. The procedure of total glossectomy for surgi-
cal management of such locally advanced disease of the tongue was described in 
1950s by Kremer [1]. However, total glossectomy procedure with laryngeal preser-
vation was associated with significant morbidity due to aspiration; therefore, this 
procedure often has been mentioned as a “morbid procedure for a morbid disease”. 
Due to poor functional outcomes, it was relegated as a palliative procedure, and 
validity of such a procedure without laryngectomy was questioned [2, 3]. Due to the 
procedure-related morbidity, there was a trend towards organ preservation, and a 
variety of modalities such as chemoradiation and neoadjuvant chemotherapy fol-
lowed by chemoradiation are now recommended for management of advanced carci-
nomas of oral and base of the tongue. However, many patients undergoing organ 
preservation treatment require surgical salvage for a residual or locally recurrent dis-
ease. Also, reports suggest unacceptable compromise with oncological outcome fol-
lowing organ preservation protocols. Recent development in microvascular 
reconstructive techniques has enabled better functional outcomes in patients under-
going total glossectomy [2, 4]. Therefore, in order to improve the oncological out-
come without debilitating morbidity, there is renewed interest in considering total 
glossectomy as primary modality for management of advanced tongue tumours. The 
main factors that underlined this transition were better understanding of the dynam-
ics associated with tongue reconstruction and availability of reconstructive options.
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7.2	 �Anatomical and Physiological Consideration

The management of advanced carcinomas of the tongue requires a consideration to 
entire anatomic subunit comprising the tongue, mandible, floor of the mouth with 
mylohyoid diaphragm, suprahyoid muscles and the hyoid-laryngeal complex along 
with the intervening neurovascular structures. This compartment concept is applica-
ble to both the resection of tumour and subsequent reconstruction [5]. From the surgi-
cal standpoint, resection of these tumours needs removal of entire compartment for 
oncologic clearance. The tongue plays an important role in speech and swallowing 
function. Besides articulation, both oral and pharyngeal phases of swallowing are 
grossly affected following a total glossectomy. Absence of laryngeal elevation during 
swallowing leads to aspiration, which is one of the most dreaded complications of 
total glossectomy. Therefore, an optimal reconstruction should be based on the prem-
ise of recreating the anatomic and physiologic functions for optimal rehabilitation.

Swallowing involves four stages: (a) oral preparatory stage; (b) oral stage, these 
two stages ensure that the food bolus comes into contact with the occlusal surface; 
(c) pharyngeal stage; and (d) oesophageal stage. According to manofluorographic 
analysis of swallowing by Mc Connel et al., it proposed a concept of two pump 
systems consisting of a propulsion pump and a hypopharyngeal suction pump. The 
propulsive force is generated by the tongue which pushes the bolus towards laryn-
geal introitus. The hypopharyngeal suction force was the negative pressure gener-
ated at the level of the cricopharyngeus during laryngeal elevation [6]. Normal 
swallowing requires these four stages along with a laryngeal elevation and glottis 
closure to prevent aspiration.

Following total glossectomy, there is a defect in the oral and base of the tongue 
along with floor of the mouth diaphragm which separates oral cavity from the neck. 
The defect may be associated with a marginal or segmental loss of the mandible and 
associated dentition. These anatomical and physiological considerations form basis 
of functional reconstruction following total glossectomy.

7.3	 �Reconstruction of Total Glossectomy Defects

7.3.1	 �Anatomical Consideration of Post-ablative Defect

The resection of the intrinsic and extrinsic muscles results in loss of tongue bulk and 
dynamic structures. In addition, there is loss of innervation with sacrifice of hypo-
glossal nerves and sensation through lingual nerves. The loss of floor of the mouth 
with mylohyoid diaphragm impairs propulsion of food bolus into posterior orophar-
ynx. Resection of suprahyoid muscles results in failure of laryngeal elevation and 
resultant loss of protective control of airway. Additionally, this may be associated 
with marginal or segmental mandibular defect. Resection may also result in a sig-
nificant lining defect of the lateral pharyngeal wall and soft palate depending on the 
extent of resection for clear margins. Accordingly, following principles should form 
basis for total glossectomy reconstruction.
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7.4	 �Principles of Glossectomy Reconstruction

	1.	 Prevention of aspiration
	2.	 Oral-neck separation
	3.	 Restore tongue volume
	4.	 Restore propulsive swallowing force
	5.	 Laryngeal suspension
	6.	 Restore clarity of speech

7.5	 �Selection of Reconstructive Options

A variety of flaps have been described for reconstruction of total glossectomy 
defects. The reconstructive armamentarium includes both regional and free flaps. 
The commonly used option includes free flaps such as the rectus abdominis flap, 
anterolateral thigh (ALT) flap, gracilis flap, latissimus dorsi flap, radial forearm flap, 
etc., and regional flaps such as the pectoralis major myocutaneous flap, lateral tra-
pezius flap and latissimus dorsi flap [7–12]. At present, microvascular flaps are 
generally preferred over regional flaps due to superior swallowing and speech out-
comes. A survey of body habitus helps to determine the flap with adequate bulk 
suitable for reconstruction.

The commonly used flaps for total glossectomy defects include ALT flap and 
rectus abdominis flap. Pectoralis major flap was extensively used prior to free flap 
era. The primary disadvantage with a pectoralis major myocutaneous flap is even-
tual loss of flap volume and downward traction of the pedicle that prevents palatal 
contact. Although most series report suboptimal outcome following pectoralis 
major myocutaneous flap, however, a study by Tiwari et al. has reported good func-
tional outcomes with regional flaps [13].

7.5.1	 �Volume or Bulk of Restoration

The volume of tissue needed for glossectomy reconstruction varies according to 
the post-ablative defect. Hemiglossectomy or partial glossectomy defects can be 
reconstructed with fasciocutaneous flaps as these flaps are pliable and more 
importantly limit the tethering of the tongue. Here bulk is not a prerequisite as 
the residual tongue provides it and a thin flap is necessary for the mobility of the 
tongue.

In total glossectomy, bulk of reconstructed tongue is critical. The neotongue 
needs to come in contact with the palate. This serves a dual purpose of propelling 
food into oropharynx and also to reduce resonance to produce intelligible speech. 
Kimata et  al. in their series of 30 glossectomy defects categorised neotongue 
shapes as protuberant, semiprotruberant and flat or recessed. The association 
between shape scores, speech scores and food scores was found to be statistically 
significant. The authors suggested the use of bulky flaps such as the anterolateral 
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thigh flap and the rectus abdominis to restore the height for the neotongue. In 
addition, a dimension in excess of 30 % of the defect width was essential to pro-
vide adequate contour [14]. A later series by Yun et  al. reviewed patients who 
underwent total glossectomy, and reconstruction with anterolateral and rectus 
abdominis flap demonstrated a statistically significant correlation between speech 
and swallowing function and shape of the neotongue. This study also highlighted 
another crucial point of neotongue volume reduction over a period of time which 
needs to be considered [15]. Also, the flap bulk helps to divert the saliva and food 
into the lateral gutters minimising aspiration during swallowing [16].

7.6	 �Laryngeal Suspension

The issue of laryngeal suspension as an effective means of preventing aspiration in 
patients undergoing total glossectomy was initially advocated by Calcaterra and 
Goode in patients undergoing supraglottic laryngectomy [17, 18]. It significantly 
reduced the incidence of aspiration and facilitated deglutition as it effectively 
diverted food into the lateral gutters.

Weber et al. in their series of patients utilised the technique of laryngeal suspen-
sion in 12 patients with none of them developing aspiration as compared to the 
group of 15 patients who did not have laryngeal suspension. In the group without 
suspension, two patients had to undergo interval laryngectomy due to persistent 
aspiration pneumonia [19]. The technique as suggested by authors is to suspend the 
larynx from the anterior mandibular arch. However, if the arch has been resected, an 
alternative is to suspend it from the angle or the condyle [20].

Methods such as epiglottopexy, surgical closure of the glottis and laryngotra-
cheal separation have been mentioned in literature to prevent aspiration but are not 
usually practised. The suspension of larynx projects it upwards and frontwards into 
an anatomical position required for swallowing.

7.7	 �Extended Resections

Mandibular resection: Resection of the mandible with total glossectomy adversely 
affects the chewing outcomes. The involvement of the mandible is also an adverse 
prognostic indicator. A series by Chang et al., however, showed no difference among 
patients undergoing segmental, marginal or no mandibulectomy along with total 
glossectomy and laryngeal preservation. The functional outcome was dependent on 
the extent of tongue resection wherein patients who underwent composite resection 
with hemiglossectomy had better functional outcome compared to those with total 
glossectomy [21]. It is important to consider bony and soft tissue reconstruction for 
segmental mandibular with total glossectomy defects.

Superior laryngeal nerve: Superior laryngeal nerve provides sensory innerva-
tion to larynx and pharynx. Preservation of the superior laryngeal nerve has 
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been emphasised in order to improve swallowing function. Many studies dem-
onstrate significant aspiration in patients when superior laryngeal nerve is 
resected [22].

Supraglottis involvement: Total glossectomy with supraglottic resection has 
been demonstrated in studies to be a statistically significant marker of poorer func-
tional and oncological outcome [23–25].

7.7.1	 �Motor and Sensory Innervation of Flap

As discussed a variety of flaps have been utilised for total glossectomy reconstruc-
tion. These include gracilis, rectus abdominis, latissimus dorsi and anterolateral 
thigh flap. Theoretically, it has been postulated that providing a sensate reconstruc-
tion enables detecting presence of food in the oral cavity which can be moved during 
mastication and then aids in deglutition [23, 26, 27]. However, these findings were 
questioned in a review by Dziegielewski et al. [28]. There is lack of data to compare 
benefits of motor innervation of flaps. Reanimation of muscle-containing flaps may 
contribute to the prevention of muscle atrophy rather than functional movement. 
However, the benefit of muscle innervation to overall functional outcome remains 
investigational.

Ozkan et al. in a small clinical series of six patients with advanced squamous cell 
carcinoma of the tongue, with a follow-up period of 35 months, reconstructed the 
defect with the anterolateral thigh flap and detailed a technique of both sensory and 
motor reinnervation [29]. In their study they harvested a chimeric anterolateral 
thigh flap with vastus lateralis muscle and nerve supply from the lateral femoral 
cutaneous nerve and motor nerve supply to the vastus lateralis muscle. Neural anas-
tomosis was done to the hypoglossal nerve and lingual nerve.

However a key point in their technique is to suture the vastus lateralis muscle to 
the posterior border of the mandible and attach it anteromedially to the hyoid bone 
with 2–0 Prolene sutures. This reconstructs the suprahyoid musculature elevating 
the larynx during swallowing and is a technical variant from the conventional laryn-
geal suspension. The authors did not suspend larynx in any of their patients. Though 
the study was of a small sample size not aimed at demonstrating any statistical 
relationship between sensory recovery and motor functional outcome, it demon-
strated the use of a chimeric anterolateral thigh flap for tongue reconstruction with 
nerve competition. The authors reported sensory recovery in all parameters in their 
patients and motor unit potentials in four patients when elevating the tongue during 
swallowing.

Bass et  al. reviewed literature to analyse the improvement in tongue function 
with sensory reinnervation. The flaps analysed in their series were the radial fore-
arm free flap, anterolateral thigh flap, rectus abdominis flap and tensor fascia lata 
flap. They demonstrated a superior sensory recovery in the radial forearm and 
anterolateral thigh flap series compared to other flaps but could not demonstrate any 
significant beneficial effects on tongue function [30].
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7.8	 �Speech and Swallow Therapy

A key point in rehabilitation is postoperative speech and swallow therapy to 
improve the functional outcome following total glossectomy with laryngeal pres-
ervation. A study by Dziegielewski et al. reported superior speech and functional 
outcomes in patients who attended more than 80 % of swallowing and speech 
rehabilitation sessions [28].

7.9	 �Functional Outcomes Following Total Glossectomy

The current reconstructive options for total glossectomy defects mostly enable a 
static reconstruction, unlike a dynamic functional tongue. Therefore, a complete 
rehabilitation of dynamic functions like speech and swallowing remains a chal-
lenge. In pre-free flap era, the functional outcomes with regional flaps were poor. 
Most studies reported lower oral feeding and speech intelligibility rates ranging 
from 31 to 100 % and 60 to 100 %, respectively [9]. It is important to note that 
most reported series are single institutional experience with no standard outcome 
measures. The aspiration was a major problem due to lack of bulk and subse-
quent shrinkage. In order to prevent aspiration, procedures such as closure of 
laryngeal vestibule and interval laryngectomy were common. Palatal prostheses 
were commonly employed to reduce the oral volume to improve speech. A series 
by Tiwari et al. was an exception reporting a 100 % oral feeding and speech intel-
ligibility rate [13].

With availability of free flaps, it is possible to transfer adequate tissue required 
for optimal reconstruction. As discussed, ALT and rectus abdominis are the com-
monly used flaps for glossectomy reconstruction. The reported oral feeding and 
speech intelligibility rates with free flaps range from 60 to 100 % and 80 to 100 %, 
respectively [9]. Decannulation rates as high as 90 % have been reported. Chang 
et al. have reported a large series of free flap reconstruction for glossectomy defects 
from the MD Anderson experience which included 28 subtotal and 24 total glos-
sectomy patients and 13 total glossectomies with mandibulectomy. On multivariate 
analysis they demonstrated that smoking (p = 0.0018), composite resections 
(p < 0.001) and larger resections (total and subtotal glossectomies; p < 0.001) were 
determinants for poor speech function. With regard to swallowing function, 
advanced age (p = 0.002), radiation (p = 0.003) and composite resections had worse 
swallowing function (p < 0.001). Persistent tracheostomy was an independent vari-
able affecting speech and swallowing (p < 0.001) [21].

The authors developed an algorithmic approach to glossectomy reconstruction 
with total glossectomy defects being reconstructed with either an ALT free flap, 
transverse upper gracilis myocutaneous flap or rectus abdominis myocutaneous free 
flap. Further, the authors demonstrate a superior functional outcome in patients 
undergoing composite resection if two free flaps were used to reconstruct the defect. 
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This also characterises a paradigm in surgical management of advanced tumours 
with availability of superior reconstructive techniques. The authors have reported 
better speech and swallowing function with innervated flaps with the lingual or 
inferior alveolar nerve being the recipient nerve for coaptation.

Rihani et al. reviewed their series of 94 patients undergoing total glossectomy 
with laryngeal preservation from 1997 to 2012. They analysed both primary 
(n = 36) and salvage cases after radiation or chemoradiation (n = 58). They 
excluded patients with segmental mandibulectomy. Analysis of their reconstruc-
tive technique showed predominantly the use of rectus abdominis myocutaneous 
flap (n = 32), pectoralis major myocutaneous flap (n = 35), radial forearm flap 
(n = 21), parascapular fasciocutaneous flap (n = 3) and latissimus dorsi flap (n = 3). 
All patients underwent a laryngeal suspension. The rate of tracheostomy tube 
dependence at 1 year was 16 % and gastric tube dependence was 71 %. There was 
no difference on the tube dependence outcomes based on the reconstruction type 
[24]. Noteworthy in this series is the disproportionately higher usage of radial 
forearm flap and pectoralis major pedicled flaps in their reconstruction, which 
may account for higher feeding tube dependence. However, the authors justify 
flap selection to higher adipose tissue bulk obtained from these sites for favour-
able reconstruction.

Dziegielewski et  al. reported their functional outcomes at 1 year for all 
patients undergoing primary treatment by total glossectomy with laryngeal 
preservation followed by adjuvant radiation or chemoradiation from 2000 to 
2010. Defects were reconstructed using an anterolateral thigh flap and laryngeal 
suspension in all cases. They had 12 eligible patients in their group with 8 
evaluable at the end of 1 year. 50 % of these patients were gastric tube depen-
dent at the end of 1 year and one had a tracheostomy for recurrent aspiration. 
Videofluoroscopic assessment showed doubled swallowing transit times. Speech 
intelligibility had decreased from preoperative scores of 78–66 %. However, at 
1 year, QOL as measured by the EORTC 35 questionnaire had improved by a 
mean of 8.9 points [28].

Navach et al. reviewed survival and functional results in 37 patients with total 
glossectomy with laryngeal preservation from 2002 to 2011. The flaps used in their 
series included anterolateral thigh flap (n = 20), gracilis free flap (n = 13) and pecto-
ralis major myocutaneous flap (n = 4). They performed laryngeal suspension in all 
patients. In their series, all patients had retained intelligible speech, and 26 (70 %) 
were on an oral diet [31].

Sinclair et al. compared functional outcomes among patients undergoing total 
glossectomy with and without laryngectomy. They reported functional outcomes in 
30 patients, 20 underwent total glossectomy with laryngeal preservation and had 
reconstruction with a free flap and laryngeal suspension. Eleven patients had been 
salvaged after failed radiation or chemoradiation. At last follow-up, 70 % patients 
were gastric tube dependent, 50 % were tracheostomy dependent and only 30 % had 
functional speech as measured subjectively [4].
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A wide range of functional outcomes have been reported in literature. Since 
a variety of parameters have been used to report functional outcome, a compari-
son between various techniques is difficult. Also, the negative outcomes are 
usually not reported. Therefore, feeding tube removal, decannulation and speech 
intelligibility rates along with time to decannulation and resumption of oral 
feeding should form basis for functional evaluation following total 
glossectomy.

7.9.1	 �Summary of Technical Aspects of Post-ablative Total 
Glossectomy Defects

	1.	 Flap selection: The neotongue requires bulk; therefore, flaps such as anterolat-
eral thigh flap and rectus abdominis free flap are preferred choice. While regional 
flaps occupy an inferior rung in the reconstructive algorithm, regional flaps are 
to be considered only in view of extensive comorbidities and in the salvage set-
ting for a free flap failure.

	2.	 Design of the flap: The flap is designed to have a central mound that makes it 
approximately one third larger than required to compensate for tissue atrophy 
and fibrosis post-radiotherapy. This protuberant neotongue ensures palatoglossal 
contact during phonation and deglutition and also bolus propulsion during the 
pharyngeal phase of swallowing.

	3.	 Laryngeal suspension: Circumhyoid sutures with 0 Prolene to drill holes in the 
mentum effectively suspend the larynx in an anterior and superior vector which 
is the normal physiologic direction of elevation of the larynx during 
swallowing.

	4.	 Infrahyoid muscle release: If adequate suspension of the larynx is not achieved 
during reconstruction, consider an infrahyoid muscle release to facilitate the 
same.

	5.	 Design for protrusion of the tongue by suturing the flap fascia to the intra-
oral mucosa: This enables good mucosalisation and provides for additional 
bulk (Fig. 7.1).

7.10	 �Summary

Total glossectomy is a procedure undertaken for advanced disease and may be asso-
ciated with significant morbidity. The anatomical and physiological consideration is 
important for planning total glossectomy reconstruction. With availability of free 
flap reconstruction and application of technical points as detailed above, this proce-
dure has an acceptable functional outcome.
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Reconstruction of Cheek Defects

Vivek Shetty, Naveen Hedne, Vikram Kekatpure, 
and Sachin Chavre

8.1	 �Anatomy of the Cheek

The cheek is a term loosely used to refer to the area of the face below the eyes and 
between the nose and the ears. It is a three-dimensional region which needs to be 
described in three planes – the anteroposterior, the superoinferior and the mediolat-
eral. The anatomical boundaries are defined as the nasolabial and labio-mental 
crease anteriorly, the line extending from the lateral canthus to the superior border 
of the tragus superiorly, the tragus to the angle of the mandible posteriorly and the 
lower border of the mandible inferiorly. Intraorally, the buccal mucosal boundaries 
are defined as the commissure of the mouth anteriorly, the pterygomandibular raphe 
posteriorly and the upper and lower bucco-alveolar sulci superiorly and inferiorly, 
respectively [Fig. 8.1a, b – anatomic limits of cheek skin surface (1a) and mucosal 
surface (1b)].

Layers of the cheek  From within outward, the cheek consists of the mucosa, sub-
mucosa, buccinator muscle, buccal pad of fat, SMAS, subcutaneous tissue and skin. 
It is important to appreciate that the branches of the facial nerve run horizontally 
between the buccinator muscle and SMAS layer. The facial artery and vein traverse 
lateral to the buccinator muscle in an anterosuperior direction. The parotid duct 
enters the buccal space lateral to the masseter and buccinator muscles, then passes 
through the buccinator and opens at the upper buccal sulcus in the region of the 
maxillary first molar tooth (Fig. 8.2: sectional anatomy of the cheek showing layers 
of the cheek and position of facial nerve branches and facial artery).
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Mucosa  The mucosal layer of the buccal region is continuous anteriorly with the 
inner mucosal lining of the upper and lower lips; posteriorly with the mucosa of the 
retromolar trigone which then continues onto the anterior tonsillar pillar and the 
tonsillar fossa and further onto the posterior pharyngeal wall; and superiorly and 
inferiorly with the mucosa over the respective alveolar processes.

a b

Fig. 8.1  (a) Extent of cheek and (b) intraoral extent of buccal mucosa

Fig. 8.2  Layers of the 
cheek
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The mucosa consists of stratified non-keratinising squamous epithelial cells. 
Below the mucosa are the lamina propria and the submucosa, which contain numer-
ous mucous minor salivary glands. There are also few ectopic sebaceous glands 
which appear as yellowish-white spots, called Fordyce granules. The opening of the 
parotid duct lies opposite to the crown of the upper second molar tooth. The mucosa 
is adherent to the deeper-lying muscle, the buccinator.

Fascial planes  There are multiple fascial planes in the cheek. From inside out, they 
are the parotidomasseteric fascia, the superficial musculo-aponeurotic system 
(SMAS) and the subcutaneous fibroadipose tissue.

SMAS is a heterogeneous connective tissue plane that consists, variably across 
the face, of muscle fibres and fibrous or fibroadipose tissue. It is continuous inferi-
orly with the platysma, and it lies in the same plane as the superficial temporal fas-
cia and the galea aponeurotica superiorly.

The parotidomasseteric fascia is a thin layer of fascia which is the superior con-
tinuation of the investing layer of the deep cervical fascia. Medially, it blends with 
the epimysium covering the buccinator and lies superficial to the buccal pad of fat 
which separates it from the buccinator. Laterally, it lies over the masseter as well as 
the branches of the facial nerve and the parotid duct.

Buccinator  It is a thin, quadrilateral muscle that extends from the retromolar tri-
gone to the commissure and from the upper to the lower alveolus. It forms the lateral 
wall of the vestibule and forms an important landmark in the cheek. Resection of 
tumours of the buccal mucosa which have not or have minimally breached this 
muscle is carried out in a plane lateral to the buccinator. When a tumour breaches 
the buccinator muscle through and through, there is no further barrier between the 
tumour and the skin, necessitating the inclusion of the skin in the resection 
specimen.

The buccinator arises from the posterior aspects of the alveolar processes of the 
mandible and the maxilla as well as the anterior margin of the pterygomandibular 
raphe posteriorly. This raphe is a condensed band of the buccopharyngeal fascia 
between the pterygoid hamulus and the posterior end of the mylohyoid line of the 
mandible. It also forms the anterior attachment of the superior pharyngeal constric-
tor, thus forming a continuous sheet of muscle from the lateral wall of the oral cav-
ity up to the posterior pharyngeal wall. The raphe is also related posterolaterally to 
the medial pterygoid muscle. Its medial aspect is covered by the mucosa of the ret-
romolar trigone.

Anteriorly, the fibres of the buccinator converge on the orbicularis oris at the 
commissure, with the central fibres decussating.

Relations  The oral surface is covered by the mucosa and the submucosa. The lat-
eral surface is covered by the buccopharyngeal fascia and lies deep to the buccal pad 
of fat, the mimetic muscles of the region and the parotidomasseteric fascia as well 
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as the branches of the facial nerve and vessels and the parotid duct. The parotid duct 
pierces the buccinator opposite the upper second molar tooth.

Neurovascular supply  The buccinator is supplied by the branches of the facial 
artery and the buccal branch of the facial nerve and drained by a tributary of the 
facial vein.

Mimetic muscles  The mimetic muscles in the cheek act mainly on the upper and 
lower lips, either elevating or depressing, retracting or everting them. The muscles 
acting on the upper lip include the levator labii superioris alaeque nasi, the levator 
labii superioris, the levator anguli oris and the zygomaticus major and minor. The 
muscles acting on the lower lip include the mentalis, the depressor labii inferioris 
and the depressor anguli oris. They are supplied by the zygomatic, buccal and mar-
ginal mandibular branches of the facial nerve.

Muscles of mastication  These are the masseter, temporalis, medial and lateral 
pterygoid muscles. All of them participate in closing the mouth, except the lateral 
pterygoids which help in opening the mouth.

Masseter  It is a bulky, three-layered muscle. Superiorly attached to the zygomatic 
arch, it passes postern-inferiorly to insert into the ramus and angle of the mandible. 
The parotid gland lies over the posterior margin of the muscle. It is supplied by 
branches of the maxillary, facial and superficial temporal arteries. Nerve supply is 
via the masseteric branch of the anterior division of the mandibular division of the 
trigeminal nerve.

Temporalis  It is a fan-shaped muscle attached superiorly to the bones forming the 
temporal fossa up to the inferior temporal line. These muscle fibres then converge 
to form a tendon which passes deep to the zygomatic arch to insert into the coro-
noid process and the anterior border of the ramus of the mandible. It is supplied by 
the deep temporal branches of the maxillary artery. Nerve supply is by the deep 
temporal branch of the anterior division of the mandibular division of the trigemi-
nal nerve.

Infratemporal fossa and masticatory space  The infratemporal fossa lies poste-
rior to the retromolar trigone. It is a region commonly invaded by locally advanced 
buccal mucosa carcinoma and hence may form part of the defect. Thus, an under-
standing of the anatomy of this region is vital to carry out both resections as well as 
reconstruction of the cheek.

The infratemporal fossa is a three-dimensional space bounded by the inferior 
surfaces of parts of the temporal bone and the greater wing of the sphenoid superi-
orly, the ramus of the mandible laterally and the lateral pterygoid plate with the 
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posterolateral pharyngeal wall medially. It is continuous with the temporal fossa 
superiorly and the pterygopalatine fossa medially.

Contents  Medial and lateral pterygoid muscles, mandibular division of the trigem-
inal nerve and its branches, chorda tympani branch of the facial nerve, the otic 
ganglion, the maxillary artery and the pterygoid plexus of veins (Fig. 8.3).

Buccal pad of fat  It shall be described in detail later.

Facial vessels  The facial artery is a branch of the external carotid artery. It arises in 
the neck. It lies deep to the platysma. It crossed into the submandibular region deep 
to the posterior belly of the digastric, lying in close proximity to the submandibular 
gland before passing into the face near the inferior aspect of the anterior border of 
the masseter. In the face, it lies superficial to the buccinators and the parotidomas-
seteric fascia. It courses superomedially, giving branches to supply the lower and 
upper lips, and pursues a tortuous course in the direction of the medial canthus of 
the eye before terminating in the levator labii superioris alaeque nasi. It supplies the 
muscles and the skin of the face as well as the lips.

The facial vein is formed by the union of the supraorbital vein and the supra-
trochlear vein near the medial canthus of the eye.

It lies with the facial artery in the face. In the neck, it usually crosses superficial 
to the posterior belly of the digastric to enter the carotid triangle. Here, the anatomy 
is variable. It usually terminates in the internal jugular vein, but is also known to 
join the external jugular or rarely even the anterior jugular veins.

Fig. 8.3  Anatomy of the infratemporal fossa
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Facial nerve  It is the seventh cranial nerve. It can be divided into six segments – 
the intracranial, meatal, labyrinthine, tympanic, mastoid and extratemporal. We are 
concerned here with the extratemporal segment.

The extratemporal segment of the nerve begins as the nerve exits the temporal 
bone at the stylomastoid foramen. It immediately gives branches to supply the sty-
lohyoid muscle, the posterior belly of the digastric muscle, the occipital belly of the 
occipitofrontalis muscle and some of the auricular muscles.

It then enters the parotid gland at its posteromedial surface. Within the sub-
stance of the gland, it gives off the superior and inferior trunks which usually give 
five terminal branches – the temporal, zygomatic, buccal, marginal mandibular 
and cervical branches. There is wide variation in the anatomy as well as consider-
able interconnections between the branches both within the parotid and exter-
nally. They usually arise within the gland and exit it separately at the anteromedial 
surface.

The facial nerve provides motor supply to the mimetic muscles of the face and 
sensory supply to the auricular and post-auricular regions as well as the conchal 
depression and over its eminence.

8.2	 �Classification of Defects of the Cheek

Any system to classify post-ablative head and neck defects has to consider the three-
dimensional nature of the defect to aid in planning reconstruction and to determine 
the potential functional and aesthetic morbidity. In all the three planes, there are 
important structures affecting functional and aesthetic outcomes and hence the plan 
of reconstruction. Therefore, the authors propose the following classification sys-
tem which classifies the defect in three different planes, the combination of which 
gives the exact description of any defect that may assist surgeons to choose a spe-
cific reconstructive technique.

	1.	 Thickness of the defect
P: Partial-thickness defects – the skin and subcutaneous planes are intact.
F: Full-thickness defects – the overlying skin has been resected.

	2.	 Supero-inferior plane
	 I.	 Limited buccal defect without bony resection

	(a)	 <3 cm in greatest dimension
	(b)	 >3 cm in greatest dimension

	II.	 Minimal bone resection – upper alveolectomy and/or marginal mandibulec-
tomy, no palatal or floor of the mouth defect

	III.	 Defect involving segmental mandibulectomy with or without subtotal max-
illectomy below the zygomatic arch

	IV.	 Extensive bone defect with segmental mandibulectomy and subtotal/total 
maxillectomy extending above the zygomatic arch
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	3.	 Anteroposterior plane
	A.	 Limited buccal defect without involvement of commissure, infratemporal 

fossa (ITF) or masticatory space
	B.	 Anterior defect with involvement of commissure ± lip, but not ITF or masti-

catory space
	C.	 Posterior defect with involvement of ITF or masticatory space with or with-

out posterior pharyngeal wall defect without commissure involvement
	D.	 Defect extending from lip to ITF or masticatory space with or without poste-

rior pharyngeal wall (Figs. 8.4, 8.5, 8.6. 8.7, and 8.8).

a b

Fig. 8.4  Type I and type A defects. (a) PIaA defect, (b) PIbA defect

Fig. 8.5  Type II defect: PIIA defect
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Fig. 8.6  Type III defect: 
FIIIB defect

Fig. 8.7  Type B defect: 
FIbB defect
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8.3	 �Objectives of Reconstruction

Objectives of reconstruction of buccal mucosal defects:

	1.	 Orocutaneous separation
	2.	 Separation of the oral cavity from the neck
	3.	 To provide and/or maintain adequate mouth opening
	4.	 To provide oromotor competence
	5.	 To facilitate chewing and swallowing
	6.	 To restore facial form as best as possible

Fig. 8.8  Type IV and type 
D defect: FIVD defect
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8.4	 �Considerations

Considerations to select appropriate mode of reconstruction:

	1.	 Primary closure vs. soft tissue reconstruction
The most important functions to consider in oral cavity reconstruction are facili-
tation of intake of food, its mechanical breakdown by chewing to form a bolus 
and facilitation of swallowing without aspiration. Therefore, the first step is to 
provide adequate mouth opening in order to facilitate intake of food. Mouth 
opening is affected by the quality and quantity of buccal tissue from the commis-
sure up to the infratemporal fossa.

Any fibrosis or excessive scarring of the buccal mucosa anterior to the retro-
molar trigone and infratemporal fossa causes trismus. Hence, in type Ia A and B 
defects, it is possible to consider primary closure without compromising the 
mouth opening. In larger defects, contracture and scarring can occur [1]. There 
is no clear cut-off mentioned in literature, but in the authors’ experience, defects 
more than 3 cm need additional tissue cover in order to prevent trismus.

	2.	 Soft tissue versus bony reconstruction
Composite type II, III and IV defects have both bony and soft tissue components. 
Hence, it is important to understand the indications for bony reconstruction.

In type II defects, the bony continuity is maintained, but only the alveolar 
processes are resected. Hence, bony reconstruction is not necessary, and a soft 
tissue reconstruction usually suffices. In type III A and B defects that involve a 
segment of the mandible or a significant part of the maxilla with a part of the 
buccal mucosa but not the muscles of the infratemporal fossa, a bony reconstruc-
tion would be an ideal option. The requirement of soft tissue is limited, and also 
a segmental defect of the mandible can cause deviation of the remnant mandible 
and distortion of occlusion if not corrected. Dental rehabilitation may also be 
carried out if the bony segment is reconstructed [2–5].

Buccal tumours, in advanced stages, may involve the masticator space, 
causing varying degrees of trismus. Following resection of the tumour along 
with a segment of the mandible as well as the muscles of the infratemporal 
fossa, the mouth opens up, and a type III or IV C and D defect is created. In 
order to maintain the mouth opening, it is of paramount importance to have 
adequate soft tissue to obliterate the dead space created, failing which there 
may be extensive fibrosis and compromised mouth opening. Also, healing in 
the immediate postoperative period may be affected due to serous collection, 
hematoma and infection of the dead space [6, 7]. At the same time, there may 
be occlusal distortion and inability to chew if the bony segment is not recon-
structed, leading to poor quality of life. Hence, there is dilemma over which 
flap is ideal. An ideal flap would be one that provides a good strut of bone with 
plenty of soft tissue. Such a flap, however, does not exist. In such a setting, it 
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is advisable to prioritise soft tissue over bony reconstruction as long as the 
mandibular arch is uninvolved [7–9].

A reconstructive plate with soft tissue flap has been tried, but the rate of com-
plications such as plate exposure, infection, fracture and deformity were found 
to be high. Hence, such an approach is not recommended [2, 10, 11].

An osteo-fasciocutaneous fibula flap provides an excellent segment of the 
bone; however, the soft tissue component is neither adequate nor pliable enough 
to be manoeuvred into the space of the infratemporal fossa [2, 4, 5, 12].

A soft tissue flap such as pectoralis major myocutaneous flap, anterolat-
eral thigh flap or rectus abdominis flap can offer only soft tissue bulk to 
obturate the defect without providing bony support of the segmental man-
dibular defect.

A scapular osteo-fasciocutaneous flap has been suggested as a middle ground, a 
flap which provides a long segment of the bone as well as plenty of soft tissue that 
can be used to fill the infratemporal fossa cavity. This flap isn’t without limitations. 
Up to 14 cm of the bone can be harvested to provide bone continuity and prevent 
mandibular deviation. But the bone is thin and the quality often poor. Hence, dental 
rehabilitation with implant placement is not possible. Also, a two-team approach 
with simultaneous harvest of the flap is not possible due to the need for a change in 
the patient’s position intraoperatively. This increase in operating time is not advis-
able in older patients or those unfit for prolonged anaesthesia [2, 5].

A deep circumflex iliac artery (DCIA) flap is another flap that provides a long 
segment of the bone with adequate soft tissue. But there are some important 
disadvantages of this flap. The first is that the soft tissue is adherent to the bone 
and cannot be manoeuvred to fill the defect in the infratemporal fossa. The lack 
of segmental perforators makes it risky to osteotomise the bone. Another prob-
lem to be considered is donor site morbidity. Incisional hernias and numbness 
over hip following rectus sheath harvest are reported to be significant. Higher 
incidences of gait disturbances were also reported with DCIA than fibula flap. 
Thus, especially in young patients, these complications may be considered a 
deterrent for the use of the flap [2, 13].

In ideal circumstances, a double flap would be the perfect reconstructive 
option. A free fibular bone flap with a soft tissue flap such as anterolateral thigh 
flap [14] or pectoralis major myocutaneous flap [15] provides excellent soft tis-
sue cover as well as good quality of the bone to maintain occlusion and place 
implants for dental rehabilitation. However, the operating time is increased dras-
tically and is not advisable in patients with poor general condition, which is 
fairly common among cancer patients [5, 9, 16, 17].

To summarise, there is no ideal, all-encompassing mode of reconstruction, 
and both defect and patient factors as well as the experience of the operating 
surgeon need to be considered while planning reconstruction of individual 
patients.
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8.5	 �Reconstruction Algorithm
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8.6	 �Reconstructive Options

With the above considerations in mind, the following section reviews the recon-
structive options available to date for each defect defined by the proposed classifica-
tion system.

8.6.1	 �Partial-Thickness Defects with Limited or No Bone Defects

These include PIa, PIb and PII defects. These defects do not need bony reconstruc-
tion; hence, soft tissue flaps are the method of choice. The options to consider are 
decided by the size, location and structures involved by the defect.

PIa: These defects are almost always type A defects, or rarely type B. The smallest 
of buccal defects is classified in this category. The depth of these defects is either 
mucosal or up to the buccinator. These defects may be closed primarily without 
any compromise of function.

PIb and PII: PIb defects are larger defects that may be type A or B. PII defects 
maybe types A, B, C or D. These defects are too big to be closed primarily with-
out compromise of function [1].

PIb A and PII A: These are the defects most amenable to local flap reconstruction. 
The flap of choice depends on the size and location of the defect.

8.7	 �Local and Regional Flap Options

Buccal fat pad  A pad of fat, described by Bichat in 1801, lies between the masseter 
and the buccinator posterior to the site where the latter is pierced by the Stensen’s 
duct. It has an average volume of about 10 ml and is reported to be able to cover 
about 10 cm [3], although this varies between individuals. It has a rich blood supply 
from branches of maxillary and superficial temporal arteries. The increased vascu-
larity has been ascribed to the intermittent high pressure it is subjected to. The main 
function of the fat pad is cushioning [18].

The buccal fat pad can be teased out into the oral cavity to cover small to moder-
ate type A and B defects. Care should be taken to maintain a wide base in order to 
keep the blood supply intact. Mucosalisation occurs within the first 3 days, and 
adequate reconstruction is achieved with no functional or cosmetic adverse effects 
on the donor site. The limitation of this flap is the limited size of defects it can cover 
[18].

Tongue flaps  Lateral, single-door or double-door tongue flaps are easy, reliable 
reconstructive options for small type A or B buccal defects. Potential complications 
include speech issues, deformity of the tongue and premature flap detachment and 
failure. This flap is also limited by size and reach [19].
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Temporalis flap  A temporalis myofascial flap based on the deep temporal arterial 
branches has been reported for buccal reconstruction. This flap can be used in medium-
sized defects. The muscle along with the fascia is harvested based on the anterior and 
posterior deep temporal vessel which enters the muscle on the medial (deep) aspect. 
Care should be taken to preserve the blood supply during harvest. The flap can be 
brought into the oral cavity through the retromolar trigone region. Problems with the 
flap include fibrosis causing trismus which requires intense physiotherapy and a sig-
nificant hollowing at the donor site causing a cosmetic defect, although use of allo-
plastic material has been reported to cover this defect. Another problem is getting the 
flap into the oral cavity when the upper teeth are intact. Also, it is not feasible in large 
resection due to compromise of the potential flap’s blood supply and also the lack of 
bulk the flap can provide. There is also a chance of injury to the zygomatic branch of 
the facial nerve during harvest. Due to these reasons, it is not routinely used and can 
be considered only in the absence of better options [20, 21].

Infrahyoid flap  It is based on the superior thyroid artery, which provides perfora-
tors to supply the strap muscles and the overlying skin. It provides reliable, pliable, 
non-hair-bearing skin. The flap has to be planned in advance so as not to disturb the 
perforators supplying the skin while raising a subplatysmal flap for neck dissection. 
The limitations of the flap include size, reach and a scar over the neck. It is a good 
option to consider in selected buccal defects where prolonged surgery is not advis-
able or a free flap is not feasible for any other reason [22, 23].

Submental flap  It is based on the submental branch of the facial artery. Its use in recon-
struction of buccal defects up to 15x8 cm is well documented in literature. It provides 
a reliable flap with good reach and minimal donor site morbidity [24–26]. While some 
authors have reported the flap to be oncologically safe in cases of carcinoma [25], oth-
ers have their reservations since it includes the fibro-fatty tissue which is usually cleared 
as part of the level I lymph node station in neck dissections [26]. Hence, due to the 
availability of better options, it is not routinely advocated in carcinoma defects.

Nasolabial flap  It is a time-tested flap in the reconstruction of oral defects, espe-
cially medium-sized buccal mucosa defect. Traditionally it is raised as a random 
pattern flap either superiorly or inferiorly based in the nasolabial crease. This 
reduces the mobility and arc of rotation, which in turn limits its reconstructive capa-
bility. Hence, islanded nasolabial flaps based on the facial artery and its perforator 
have been reported. Even in cases where facial artery needs to be sacrificed, one can 
base this flap on the transverse branch of maxillary artery [27]. It is useful in recon-
struction of defects that involve more than one-third of either lip [28]. Problems 
with the flap include possible compromised blood supply, unavailability in case of 
extensive resection, limited size and a scar over the face. With the availability of 
better options, this flap should be used sparingly in buccal reconstruction.

Pectoralis major myocutaneous flap (PMMC)  It is the workhorse of head and neck 
reconstruction. It is based on the pectoral branch of the thoracoacromial artery. One 
of the most widely used flaps, it provides reliable, good quality skin with adequate 
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soft tissue. It is easily raised with minimal donor site morbidity. It can be used to 
reconstruct small to large defects up to the zygoma. Due to a bulky soft tissue com-
ponent, it is not preferred in very small defects. But in medium to large defects of 
the buccal mucosa where a free flap is either contraindicated or not feasible for any 
reason, it is the flap of choice. It is also useful as a salvage flap following failure of 
a free flap [29, 30]. Drawbacks of the flap include limit of reach above the zygoma, 
bulk in ladies due to breast tissue and chance of dehiscence, partial skin paddle loss 
and wound infection, especially in salvage setting [30, 31].

Deltopectoral flap  It is another reliable flap based on the second and third perfora-
tors of the internal mammary artery. It provides thin pliable skin ideal for medium 
buccal defects. Conventionally, the need for a second-stage procedure to divide the 
pedicle was required, but an islanded technique after de-epithelialisation has been 
reported [32]. It is a useful flap to have in one’s armamentarium although its use is 
uncommon in the present day.

Supraclavicular flap  It is based on the supraclavicular branch of the transverse 
cervical artery. It provides reliable thin, pliable skin for medium-sized buccal muco-
sal defects. However, it cannot be used after radical/functional neck dissection if the 
vascular pedicle has been ligated [33]. Also, the reach and lack of bulk are limiting 
factors for its use in large soft tissue defects. For selected patients, it is a useful 
regional flap to use when free flaps are not feasible.

Forehead flap  It is a rotational flap based on the anterior branch of the superficial 
temporal artery. It is usually performed in two stages, with a second procedure 
required to detach the pedicle. It is more useful in reconstructing skin defects, espe-
cially around the nose, rather than intraoral mucosal defects. It can also be used in 
full-thickness defects to cover the skin defect. However, due to poor cosmetic result 
at the donor site, a chance of injury to the zygomatico-frontal branch of the facial 
nerve as well as the need for a second stage, other, simpler flaps are preferred for 
intraoral defects (Figs. 8.9, 8.10, 8.11, 8.12, and 8.13).

a b

Fig. 8.9  Buccal fat pad. (a) Immediate post-op. (b) Mucosalisation seen on follow-up
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Fig. 8.10  Submental flap. (a) The harvested submental flap; (b) the defect – PIIA; (c) flap after 
insetting; (d) the flap after 1 month

a

c

b

Fig. 8.11  Nasolabial flap. (a) Marking of the flap; (b) the defect – PIIA; (c) flap after insetting
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8.8	 �Free Flap Options

Radial artery forearm flap  It is a fasciocutaneous flap based on the radial artery and 
cephalic vein. It is a reliable flap that provides pliable skin, which may be harvested 
as single or multiple paddles. It also provides consistent, reliable and long vascular 
pedicle. It is always easily harvested with minimal functional donor site morbidity 
in experienced hands. It is the ideal flap to reconstruct type A or B defects. It can 
even be bi-paddled to cover full-thickness defects, including the commissure [34, 
35]. The only drawbacks are a scar over the volar aspect of the forearm and a lack 
of bulk which makes it unsuitable for type C and D defects.

Lateral arm flap  It is a fasciocutaneous flap based on the posterior radial collateral 
artery. It is a reliable flap in buccal reconstruction. Donor morbidity is minimal, and 
primary closure is often achieved [36]. The disadvantage compared to the radial 
forearm is the smaller calibre and length of the vascular pedicle as well as decreased 
pliability of the skin which is thicker than the skin over the forearm. In experienced 

a

c

b

Fig. 8.12  Pectoralis major myocutaneous flap. (a) The defect – PIIIC; (b) marking of the flap; (c) 
the inset flap
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hands, it can be used to cover even large defects requiring plenty of soft tissue, 
including full-thickness defects [37].

PIb B and PII B  These defects are similar to the type A defects described above, 
except for the involvement of the commissure with or without lip involvement. 
Hence, they require additional measures to ensure oromotor competence. Limited 
lip involvement (less than one-third of one lip) may be closed primarily, followed by 
any of the previously mentioned flaps as required by the rest of the defect. If, how-
ever, there is extensive lip resection, then a separate flap such as an Abbe-Estlander 
flap, a bilateral Karapandzic flap or a nasolabial flap may be required. When there 

a c

b

Fig. 8.13  Radial artery forearm flap. (a) The defect – PIIC; (b) the flap being harvested. The 
ligated distal end of the radial artery seen; (c) the flap inset to defect
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is a large buccal component, then a single flap such as radial artery forearm flap 
[35], anterolateral thigh flap with fascia lata [38] or a temporalis flap may be used 
with a mechanical fascial sling to prevent drooping of the commissure. Detailed 
description of the reconstruction of the lip is given in the chapter on lip 
reconstruction.

PII C and D  These are defects with a large soft tissue component with minimal 
bone defect. They require large soft tissue flaps such as PMMC, ALT, DIEP or 
TRAM.

Antero lateral thigh flap  The anterolateral thigh flap is based on the descending 
branch of the circumflex femoral branch of the profunda femoris. It may be fascio-
cutaneous, myofasciocutaneous or even chimeric flap depending on the requirement 
of soft tissue mass as well as availability of a reliable perforator. It is a reliable flap 
that can provide a large skin paddle and abundant soft tissue and hence is ideal for 
large buccal defects. Donor site morbidity is minimal, and even large donor defects 
may be closed primarily, with split-skin grafts rarely required [39]. One disadvan-
tage is a wide variability of the vascular anatomy [39, 40]. Also the bulk of the soft 
tissue component makes it unsuitable for type A and B defects. Some authors have 
reported methods to reduce the bulk by trimming the excess fibro-fatty tissue, but 
this can lead to compromise of the vascularity of the flap leading to increased inci-
dents of complications [41]. A thorough knowledge of the vascular anatomy as well 
as meticulous dissection technique is required to have success with this flap.

Deep inferior epigastric perforator flap  Deep inferior epigastric perforator (DIEP) 
flap is a fasciocutaneous flap based on the perforators from the deep inferior epigas-
tric artery, a branch of the external iliac artery. It is a reliable alternative to the ALT 
flap, which provides adequate soft tissue with a large skin paddle [42]. It carries a 
small risk of abdominal complications such as wall weakness and hernia [43, 44]. 
Hence, the authors prefer the ALT flap which provides similar tissue with no func-
tional donor morbidity.

Transverse rectus abdominis muscle flap  Transverse rectus abdominis muscle flap 
is similar to the DIEP but includes harvest of the rectus abdominis muscle. This flap 
is more robust than DIEP with fewer reported flap-related complications but higher 
donor site morbidity [45]. Hence, it is not the preferred option in head and neck 
reconstruction.

8.9	 �Partial-Thickness Defects with Extensive Bone Defects

These include PIII and PIV defects. PIII defects may have limited soft tissue com-
ponent (A or B) or large soft tissue component (C or D), whereas PIV defects almost 
always have large soft tissue component.
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PIII A and B  These are common in benign tumours or cysts of the mandible, 
where there is a large bone defect with limited soft tissue disruption. The recon-
structive options revolve around restoration of bony continuity. The flap of choice in 
these defects, unless contraindicated, is the fibular free flap. It provides a long seg-
ment of high-quality bone with segmental blood supply and a reliable length of 
vascular pedicle which may be harvested with minimal donor site morbidity. If con-
traindicated due to peronea magna or previous fractures, then other flaps such as 
deep circumflex iliac artery flap with iliac crest bone or a scapula flap with the lat-
eral border of the scapula may be considered. These, however, are inferior to the 
fibular flap either due to poor quality of the bone strut or high donor site morbidity 
[4, 5].

PIII C and D  These include segmental mandibular defects with extensive soft tis-
sue resection. The dilemma of whether to reconstruct the bone or not arises. The 
decision regarding need for bony flap can be taken based on the location and extent 
of the bone defect. Lateral defects which spare the mandibular arch do not warrant 
bony reconstruction [7–9]. But when the defect extends up to the midline beyond 
the genial tubercle, restoration of bony continuity, preferably with a fibular flap, is 
highly desirable [2, 5]. This is because the anterior attachment of the tongue is lost, 
which causes it to fall back onto the oropharynx, thus obstructing the oropharyngeal 
airway. It is imperative to provide anterior support to the tongue to prevent airway 
obstruction.

An ideal option would be to do a double flap including a large soft tissue flap to 
complement a fibular flap in these defects [5]. However, it is not always feasible due 
to time and resource constraints. In such a scenario, large soft tissue flaps such as 
the ALT, rectus abdominis or even a large PMMC flap should be preferred in lateral 
defects [7] while fibular flap should be reserved for defects involving the mandibu-
lar arch.

PIV  These are some of the largest defects one could come across in the cheek. 
They almost always have large bony and soft tissue components. Since they extend 
beyond the mandible, regional flaps such as the PMMC do not reach the superior 
aspect of the defect and hence are not feasible. The ideal option is a double flap as 
described above. When not feasible, a large soft tissue flap should be preferred 
unless the arch of the mandible is involved [7]. The floor or the orbit may be recon-
structed with a titanium plate or a strut of bone when feasible. Details of orbital 
reconstruction are covered in another chapter.

8.10	 �Full-Thickness Defects

Resection of skin often has a bearing on the reconstruction. Small skin defects can 
be closed primarily. However, defects bigger than 3 cm need flap or graft cover. A 
skin defect should preferably be covered by skin and hence rules out fascia-only 
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flaps. It also increases the size of the skin paddle required, and hence a large skin 
defect also rules out flaps with size limitations. Outside of these limitations, full-
thickness defects can be reconstructed similar to their partial-thickness counter-
parts. Bi-paddled free flaps are ideal in reconstruction of full-thickness defects, with 
the choice of flap depending on the bulk of soft tissue required (Figs. 8.14, 8.15, 
8.16, and 8.17).

a b

c d

Fig. 8.14  Radial artery forearm flap for small full-thickness defects.(a) The defect – FIIA; (b) the 
flap after inset; (c) and (d) the flap on post-op day 10

a b

Fig. 8.15  Anterolateral thigh flap for full-thickness defect. (a) The defect – FIVC; (b) ALT flap 
after insetting
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a b

Fig. 8.16  Anterolateral thigh flap with fascia lata for full-thickness defect with commissure 
involvement. (a) The defect – FIVD; (b) the ALT flap on post-op day 1

a

c

b

Fig. 8.17  Long-term results of full-thickness defect reconstructed with ALT flap. (a) Post-op day 
10. (b) and (c) 1 year after treatment. Comparison of (a) and (b) shows flap shrinkage after radio-
therapy and with time. (c) Shows adequate mouth opening and competence of the commissure
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8.11	 �Summary

Cheek defects are complex and involve important structures that affect functions 
related to eating and speaking. The reconstructive plan needs to consider the three-
dimensional nature of the defect and the functional outcomes desired. The aim is to 
provide adequate mouth opening, a competent stoma and dental rehabilitation 
whenever possible with acceptable aesthesis. Reconstruction should be individual-
ised; however, some principles can be defined. Any defect more than 3 cm needs a 
flap. Bony defects with limited soft tissue component need osseous flaps. When the 
soft tissue defect is large and involves the masticatory space, soft tissue bulk takes 
precedence unless the arch of the mandible is involved. Also, patient factors such as 
age, comorbidities and resources need to be taken into consideration before the final 
plan is formulated.
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9Lip Reconstruction

Can Ozturk, Cemile Nurdan Ozturk, and Oguz Cetinkale

The lips have a unique functional and aesthetic importance for human beings. It is the 
essential subunit of the face for expressing facial mimics. As a functional unit, it 
maintains the oral competence and assists speech and feed. In general, the etiology 
of lip defects could be congenital or acquired. Acquired deformities may be broadly 
grouped as traumatic injuries and cancer resections. In this chapter, we focus on the 
surgical reconstruction strategies for acquired deformities commonly seen after can-
cer resections. Squamous cell carcinoma (SCC) is the most common malignancy 
affecting the lip, unlike the rest of the facial skin where basal cell cancer is predomi-
nant. The UV (ultraviolet) radiation and tobacco exposure are the most common 
environmental factors that cause lip cancer. About 90 % of the lip malignancies are 
located in the lower lip. The other malignancies and diseases involving the lips are 
Merkel cell carcinoma, microcystic adnexal carcinoma, hemangiomas, nevi, cheili-
tis, melanotic macules, and infectious processes like noma [1]. The pathology of the 
disease is important for planning the margins of resection and final defect size [2].

9.1	 �Historical Context

One early report from Hindu literature, the Sushruta Samhita, exemplifies the local 
and regional flaps for the reconstruction of the lip defects dating back to 600 
BC.  The other early report is De Medicina by Celsus [3]. In recent centuries, 
Dieffenbach described the bilateral cheek advancement flaps for lower lip 
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reconstruction in 1829 [4]. Despite the attribution to Abbe and Estlander, Sabattini 
was the first who described and reported the cross-lip flap from lower lip to recon-
struct a philtrum defect [5]. In 1853, Bernard defined the technique of full-thick-
ness wedge excision paired with cheek advancement flaps for lower lip repair [6]. 
Estlander, in 1872, described the upper to lower lip transfer at the commissure, as 
Abbe reported the central cross-lip flap in 1898 for cleft lip defects [7, 8]. The 
cheek rotation fan flap was described by Gilles in 1920, Webster’s modification to 
the Bernard cheek advancement flap was described in 1960, and other pioneers 
such as Karapandzic, Mc Gregor, Spira, and Hardy proposed several modifications 
to prior techniques and described new surgical approaches [9–13]. More recently, 
buccal mucosal flaps by Rayner and Arscott and the facial artery musculomucosal 
flap (FAMM) by Pribaz were described [14, 15]. The first reported microvascular 
free tissue transfer was by Harii and Ohmari in 1974 for total lip reconstruction 
[16]. In 2005, the world’s first partial facial transplantation was done in Lyon, 
France, by Devauchelle and Dubernard for reconstruction of the lips and central 
face after a dog bite injury [17].

9.2	 �Anatomy

Understanding the complex anatomy of the lip is crucial to accurately restore 
function after reconstruction. The lips are centrally located at lower third of the 
face and consist of three layers: outer layer with skin and vermillion, muscular 
layer, and inner layer of mucosa. The upper lip extends from the columellar base 
and nostrils superiorly to the nasolabial folds laterally and vermillion inferiorly. 
The central part of the upper lip, philtrum, is bordered by philtral columns later-
ally and the Cupid’s bow inferiorly. The lower lip is defined inferiorly by labio-
mental crease, laterally by nasolabial folds, and superiorly by the vermillion. 
Both lips extend to gingivolabial sulcus intraorally. The other important land-
marks are the “white roll” that is the transition zone between facial skin and 
vermillion, and the “red line” which is the transition zone of the dry and wet 
portion of the vermillion. Intermediate layer consists of muscular support struc-
tures, including 21 muscles: elevators (levator labii superioris, levator labii supe-
rioris alaeque nasi, levator anguli oris, zygomaticus major and minor muscles), 
depressors (depressor labii inferioris and depressor anguli oris muscles), protru-
sion (mentalis muscles), buccinator and risorius muscles. These muscles with 
circumferentially oriented orbicularis oris muscle form a circular complex that 
maintains the oral competence and performs rest of the functions. The under-
standing of the anatomy of circular complex is critical to determine the final lip 
defect after disruption of the muscle continuity, as disrupted edges contract later-
ally, exaggerating the amount of actual lip defect. Most of these muscles insert or 
originate to a fibrous structure, named as modiolus which is located at the deep 
layer of skin at commissures. Arterial blood supply comes from the superior and 
inferior labial arteries, distal branches of the facial artery. These branches arise 
from facial artery deep to the modiolus and course horizontally and posterior to 
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orbicularis oris muscle. The knowledge of axial course and the location are 
essential during dissection of cross-lip flaps. The venous system consists of mul-
tiple interconnected vessels that drain into facial vein. There is rich lymphatic 
drainage at the lips. The central part of the lower lip drains into submental, sub-
mandibular, and jugular nodes, whereas the lateral parts of the lower lip and 
whole upper lip drain into submandibular nodes directly. The sensory nerve sup-
ply of the upper lip is from the infraorbital division of the trigeminal nerve, 
whereas the mental branch division provides lower lip sensation. The motor 
nerve supply is provided by zygomatic, buccal, and marginal mandibular 
branches of the facial nerve. With the exception of mentalis, buccinator, and 
levator anguli oris, the perioral muscles are innervated from their deep surface.

9.3	 �Part I: Planning of Lip Reconstruction

The primary goal of lip reconstruction is to restore function with the best possible aes-
thetic outcome. To achieve these goals the assessment of the defect is critical. The loca-
tion (upper/lower lip, central/lateral/commissure), thickness (partial/full), dimensions 
of the defect and patient status should be considered in the operative plan. A multitude 
of flaps have been described in the literature to reconstruct these defects [1–21].

9.3.1	 �Small Defects (Up to One-Third)

Up to one-fourth of the upper lip and one-third to one-half (depending on the laxity 
and location) of the lower lip, full-thickness defects can be reconstructed with verti-
cally oriented closure. To achieve this closure, the wedge resection should be 
designed as a V, W, single-barrel, or double-barrel pattern (Fig.  9.1) [18, 19]. 
However, vertically oriented linear closure of the central part of the upper lip, 
including philtrum and Cupid’s bow, often results in distortion of these structures. 
To avoid this problem, a cross-lip flap (Abbe) from lower central lip should be used 
for reconstruction of this area (Fig. 9.2). All of these techniques consist of three 
layers of closure including mucosa, muscle, and skin. For the upper lip defects, 
perialar excisions may be considered to facilitate the reconstructive goal (Fig. 9.3). 
Meticulous alignment of the orbicularis muscle particularly at lower lip and vermil-
lion white roll is critical to avoid functional and aesthetic morbidities.

9.3.2	 �Moderate to Large Defects

Upper lip defects greater than one-fourth of the upper lip or lower lip defects greater 
than one-half of the lower lip require more complex surgical closure, such as local 
flaps and/or free flaps. For partial-thickness moderate size defects, V-Y advance-
ment, nasolabial transposition, lip advancement, and a combination of these flaps 
are usually the first-line options for reconstruction (Figs. 9.4 and 9.5). For the upper 
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lip central defects, central cross-lip flap (Abbe) from the lower lip is an excellent 
option. Abbe flap and nasolabial flaps can be used for the reconstruction of large 
upper lateral lip defects. For lateral defects that involve commissure, lateral cross-
lip flap (Estlander) is the preferred option (Fig. 9.6). The details of these flaps are 
discussed below in Part II.

For large lower lip defects, cross-lip flaps (Abbe and Estlander) from upper lip, 
nasolabial flap, local composite flaps (Bernard, Gilles, Webster, and various modi-
fications of the local lip flaps), and innervated composite flaps, such as Karapandzic 
flap (discussed below), are the main reconstructive options (Figs. 9.7 and 9.8).

9.3.3	 �Total Lip Defects

In general, if local tissue is available, Bernard-Webster cheek advancement flaps 
with/without cross-lip flaps remain an option for the reconstruction of the near-total 
lip defects. Cheek advancement flaps result in good color match providing similar 
thickness and contour. Most importantly, they provide sensate and functional tissue; 
however, donor site scars, blunting of facial creases due to aggressive advancement, 
microstomia, and lower lip collapse into the oral mucosa are the major disadvantages. 
When there is a lack of local tissue, distant flaps such as submental and 

a

c

b

Fig. 9.1  (a) Recurrent SCC of the lower lip. V-shaped excision is planned. (b) Primary closure of 
the defect. (c) Postoperative view demonstrating mouth opening
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a

c d

e

f

b

Fig. 9.2  (a) Hidradenocarcinoma of the upper lip. (b) Upper central lip defect after resection. 
Abbe flap was planned from the lower lip. (c, d) Transposition and inset of Abbe flap. (e) Flap is 
seen prior to division of pedicle. (f) Final result after division of flap pedicle

a b

Fig. 9.3  (a) Partial upper lip defect after skin cancer removal. (b) Cheek was undermined in the 
subcutaneous plane lateral to the defect, and a perialar cresentic excision was made to facilitate 
advancement of cheek skin towards the upper lip
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temporoparietal flap options should be considered. If neither local flaps nor regional 
flaps exist, the next step will be utilization of free flaps including radial forearm, 
gracilis, and anterolateral thigh flaps (Fig. 9.9). Recently, for providing oral compe-
tency and achieving a better functional outcome, functional muscle transfers and 
composite free flaps have been described. Finally, at last decade, in 2004 Dubernard 
et al. performed first lip transplantation as a part of lower face transplantation in a 
middle-aged female patient who lost her lip due to an animal bite. It was reported that 
the patient had almost normal sensorial recovery and satisfactory motor function at 10 
months after surgery [17]. This successful surgery opens a new era in reconstructive 
plastic surgery and expands the armamentarium of the surgeon for challenging cases.

a

c d

e

b

Fig. 9.4  (a) Partial-thickness upper lip defect after excision of recurrent skin cancer. (b) V-Y 
advancement flap design to reconstruct the defect. (c) As lateral cheek skin is undermined, care is 
taken to preserve subcutaneous pedicle to the V-Y flap. (d) Mucosal advancement is planned to 
recreate the missing vermillion. (e) Final closure
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9.3.4	 �Complications

The potential complications with lip reconstruction include impaired oral com-
petence, vermillion notching, microstomia, drooling, lip droop, impaired func-
tional activity, scars, etc. Serial revisional surgeries may be needed to improve 
these problems. By far, the worst outcomes are inadequate nutrition intake and 
impaired speech due to microstomia most commonly seen after total lip 
reconstruction.

a

c

e

b

d

Fig. 9.5  (a) BCC of the upper lip and planning of a transposition flap. (b) Partial-thickness upper 
lip defect and elevation of the transposition flap. (c) Flap is transposed into the defect. (d) Final 
closure. (e) Postoperative result
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9.4	 �Part II: Surgical Techniques

9.4.1	 �Primary Repair

Small full-thickness defects, not extending beyond the one-fourth to one-third of the 
lip, may be closed primarily. The commonly used treatment technique is a V-shaped 
full-thickness excision and primary closure of the defect (Fig.  9.1). However, a 
W-shaped or pentagonal excision technique can also be performed. The closure of 

a

c

e

b

d

Fig. 9.6  (a) SCC of the lower lip and planning of Estlander flap. (b) Intraoperative view after 
transposition of flap. (c) Early postoperative result. (d, e) Late postoperative result demonstrating 
mouth opening
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these defects should be oriented parallel to the relaxed skin tension lines (RSTLs) of 
the lip. For central excisions, vertical orientation is preferable; however, for lateral 
regions of the lip, more laterally angulated excision match better with RSTLs. Before 
the local anesthetic injection and excision, the white roll, junction point between ver-
million and lip skin, should be marked for proper orientation of the two separated 
edges during final closure. After excision, the approximation of the mucosa, muscle, 
dermis, and skin should be performed properly. Accurate repair of the orbicularis 
muscles reduces development of depressed, notched, and retracted lip scars. A 
tongue-in-groove method on the vermillion also helps prevent notching along the 
suture lines.

a

c

e

b

d

Fig. 9.7  (a) Recurrence of lower lip cancer after radiation therapy. (b) Bilateral nasolabial flaps 
are planned for total lip reconstruction. (c) Early postoperative result after reconstruction. (d, e) 
Late postoperative result demonstrating mouth opening
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9.4.2	 �Cross-Lip Flaps

9.4.2.1	 �Abbe Flap

This flap was first described by Sabattini in 1838 for closure of a full-thickness lip 
defect [5]. In 1898, Abbe designed transfer of a triangular full-thickness lip tissue 
from lower lip to upper lip [8]. The labial artery and small veins are the main vascu-
lar blood supply of Abbe flap. The flap is designed as a reverse triangle shape with 
its base on the vermillion, and width of the flap should be slightly smaller than the 
width of the defect (Fig. 9.2). The vertical length of the flap generally matches with 

a

c

e

b

d

Fig. 9.8  (a) Near total full-thickness lower lip defect after resection of SCC. (b) Bilateral 
Karapandzic flaps are dissected (c) Intraoperative view after closure. (d, e) 2 months after 
reconstruction

C. Ozturk et al.



207

that of the defect. The one-side labial artery should be preserved during flap dissec-
tion as the main arterial blood source. Once dissection is completed, the flap is 
pivoted almost 180° on its pedicle towards the opposing lip defect and sutured. This 
is a two-staged procedure and requires division of the pedicle usually 2–3 weeks 
later. Meticulous repair of mucosal, muscle, and lip layers is essential for better 
functional and cosmetic outcomes. Inadequate repair may result in trap door defor-
mities and poor scarring and function. Besides the standard reverse triangle design, 
variations of V, W, and other configurations may be done according to the missing 
tissues and defect size. For larger defects, Abbe flap may not be sufficient and com-
bination of other flaps such as unilateral or bilateral advancement flaps might be 
indicated. Note that Abbe flap does not violate the commissures.

a

c

e

b

d

Fig. 9.9  (a) Skin cancer encompassing the nose and upper lip. (b) Extensive defect of nasal and 
upper lip regions. (c) Free radial forearm is planned for reconstruction. (d) Early postoperative 
result. (e) Flap after revisions and debulking
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9.4.2.2	 �Estlander Flap
Similar to Abbe flap, Estlander flap is a cross-lip flap that involves ipsilateral com-
missure and provides full-thickness reconstruction of moderately sized opposing lip 
defect (Fig. 9.6). The labial artery is the main vascular pedicle of this laterally based 
flap and once the flap is harvested, it is transposed around the commissure to restore 
the ipsilateral lip defect. It can be performed as a single-stage procedure, but may 
require revisional surgeries to improve the rounded edge of the commissure.

9.4.3	 �Karapandzic Flap Technique

This flap was first described by Karapandzic in 1974 [11]. It is a single-stage technique 
designed for reconstruction of full-thickness defects of central lower lip but also can be 
modified for upper lip defects (Fig. 9.8). The technique includes rotation advancement 
flaps that preserve the neurovascular bundle intact, maintaining lip mobility and sen-
sivity. Incisions are made semicircumferentially from the defect and may be extended 
to the superior border of nasolabial folds. Following the skin incision, muscle fibers 
are mobilized by blunt dissection in order to preserve the neurovascular bundle. The 
width of the flap should be equal to vertical height of the lip defect. Additional inci-
sions of the mucosa may be needed to reapproximate the mucosal edges. This tech-
nique allows reconstruction of up to 80 % of the lower lip defects. The main 
disadvantage is the reduction in the size of oral aperture, which can improve in time.

9.4.4	 �Gilles Fan Flap

Gilles fan flap is a modification of the cross-lip technique that includes the portion 
of opposing ipsilateral lip segment and the remaining lip segment. For reconstruc-
tion of lower lip, a “fan”-shaped flap is designed and a full-thickness incision starts 
from the inferior border of the defect, extends laterally around the ipsilateral com-
missure, curves superiorly to the nasolabial fold, and turns towards to the superior 
vermillion. As a main vascular source, contralateral superior labial artery should be 
preserved. After completing the incisions and release of the attachments, the flap is 
rotated and advanced into the defect. Because this technique uses more tissue, it 
results in less microstomia. However, oral incompetence may occur due to incom-
plete dissection, release, and advancement of orbicularis muscle.

McGregor flap is a modification of Gilles flap for reconstructing the upper lip 
defects using melolabial tissue. The McGregor flap can be used bilaterally for large 
defects of the upper lip.

9.4.5	 �Bernard-Webster Technique

This technique does not require presence of lip tissue to reconstruct the lip defects. 
Although it is possible to reconstruct near total lip defects using bilateral Bernard-
Webster flaps, best results may be obtained in defects that are one-thirdto two-third 
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of total lip. A horizontal full-thickness incision that extends laterally from the com-
missure is done. Burow’s triangles at the superior and inferior aspects of the cheek 
tissue are excised and remaining cheek tissue is advanced medially to reconstruct 
the defect. A tongue flap or buccal mucosa flap can be used to reconstruct the ver-
million. This flap does not provide dynamic restoration.

9.4.6	 �Tongue Flap

The tongue flap provides sufficient amount of tissue to reconstruct small to moder-
ate size vermillion defects. The flap is raised from ventral or dorsal surface depend-
ing on the location of defect. The appropriate amount of tongue tissue is cut, 
unrolled, and transferred to the lip defect. The flap consists of partial thickness 
tongue tissue that allows primary closure of the donor site. It is a two-stage proce-
dure and requires division of the pedicle and final inset which are usually performed 
2–3 weeks after initial surgery. During this period, the patient must be aware of not 
biting through the pedicle site. The multistage approach and bulky tissue are the 
main disadvantages of this procedure. However, the reconstruction using tongue 
flap usually provides good outcomes due to excellent blood supply, mobility, and 
color match with vermillion and mucosa.

9.4.7	 �Free Flaps

Free flaps may be needed for restoration of large lip defects. The most commonly 
used free flap is the radial forearm fasciocutaneous flap that is usually transferred 
with palmaris longus tendon for lip support (Fig. 9.9). The skin is usually folded on 
itself to reconstruct the existing lip defect and oral mucosa. The palmaris longus 
tendon is anchored to modiolus, orbicularis oris muscle, malar periosteum, or zygo-
matic arch for suspension of the flap to provide static oral competence. Usually 
facial artery and vein are chosen as a recipient vessel for microvascular anastomo-
sis; however, external carotid artery branches and external jugular vein can be used 
if needed. The gracilis and anterolateral thigh free flaps are the other free flap 
options for reconstruction. The gracilis flap can be transferred as a functional flap 
by a neurorrhaphy of the obturator nerve to the marginal branch of facial nerve. 
These free flaps may also be combined with temporalis muscle flap for reconstruc-
tion of lower lip defects that involves the oral commissure. The potential complica-
tions are free flap loss, scar, donor site morbidity, sensorial loss, microstomia, loss 
of oral competence, and loss of gingivobuccal sulcus and oral mucosa.

�Conclusion

The lip has unique properties that make the reconstruction challenging. Proper 
surgical planning, meticulous technique, detailed knowledge of anatomy, and 
restoration of appropriate form and function are essential for achieving good 
outcomes.
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10Reconstruction of Face and Scalp 
Defects with Local Flaps

Paul Tomljanovich and Cemile Nurdan Ozturk

10.1	 �Introduction

With increasing incidence of cutaneous malignancies of the face and scalp, the need 
for reconstructive surgery is steadily increasing. Aesthetics is a major requirement 
of facial defect reconstruction. Because of the reliability, convenience, and aesthetic 
outcome, local flaps are often the reconstructive choice for facial and scalp skin 
defects.

When we encounter facial skin defect, the following questions may pass through 
our mind. Can we close the wound with a local flap or maybe a skin graft? Do we 
leave the wound open? In certain areas, the wound will heal better by secondary 
intention than any surgical procedure. In other instances, leaving the wound open 
for a near future closure in the operating room with more extensive surgery (distant 
flaps, microsurgical flaps) will be required. Another reason to delay the reconstruc-
tion is to wait for permanent pathology report. Tumors in certain areas of the face 
have a tendency to recur or extend deeper than expected such as the medial canthus 
of the eye and around the base of the nasal ala [1] (Fig. 10.1). Re-excision for recur-
rences can be difficult and mutilating and reconstruction quite challenging. Thus, if 
there is uncertainty regarding surgical margins, it is preferred to carry out the recon-
struction after the final pathology report. Leaving wounds open is a very often a 
good decision. Some areas of the face will heal better unattended as long as the vital 
structures are covered. Areas of the medial canthus of the nose and small defects of 
the nose and cheek heal very well with secondary intention [2] (Fig. 10.2). Wounds, 
when left open, often contract to a pin point defect in a course of several weeks. 
Open wounds of the face and scalp do not get infected easily due to presence of 
abundant blood supply.
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The defects of the face and scalp can be reconstructed with local tissue depend-
ing on availability of the surrounding tissues that often will be used as donors. Some 
areas are classic donor sites such as glabella, mid-forehead, and nasolabial fold. The 
neck and the preauricular area are also preferred due to good quality skin and suf-
ficient laxity. A reconstructive ladder was devised to describe our process of think-
ing (Fig. 10.3). The simple procedures are lower in the ladder and the more involved 
procedures are at the top [3]. Usually, surgeons go from simple to more complex 
procedures in reconstructing soft tissue defects. It is also wise to have a backup 
plan, in case the first-line reconstruction option fails or is not feasible.

Most of the local flaps have been developed by surgeons in the last 200 years and 
a few even longer. Almost like Leonardo da Vinci, surgeons thought of all these 
procedures, but they could not achieve the results because of lack of anesthesia and 
technology. Patients had to be very brave and motivated to undergo reconstruction 
of the nose with local flaps in India 2000 years ago or distant flaps as described by 
Gaspare Tagliacozzi. Reconstructive procedures are all based on basic principles 
that are modified and polished through the years to make them more stylized more 
geometrical. A good eye and a good knowledge of geometry help a lot.

Fig. 10.1  Tumors in 
certain areas of the face 
have a tendency to recur or 
extend deeper than 
expected

P. Tomljanovich and C.N. Ozturk



213

Fig. 10.2  Areas of the medial canthus, 
small defects of the nose and cheek heal 
well with secondary intention

Fig. 10.3  In a reconstructive ladder, the simple procedures are lower in the ladder versus the more 
complex procedures at the top

Reconstructive
ladder

Microvascular
pedicle

Distal
flaps

Vascular pedicle

Local flap

Skin graft

Direct closure

Leave open
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A basic advancement flap is unidirectional and has limited stretch which depends 
on the characteristic of skin at a given location (Fig. 10.4). With such procedures, 
we are taking advantage of the elasticity of skin. Closing skin under tension by 
applying sutures and giving 5–10 min for the skin to stretch will advance the tissues. 

Fig. 10.4  A basic advancement 
flap is pulled in one direction and 
has limited stretch which depends 
on the characteristic of skin at a 
given location
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This is called rapid expansion. The sutures are placed laterally and medially until 
the last stitch is easily applied in the middle. This technique probably dates back to 
the original surgeons who applied sutures under tension for reconstruction. With 
advancement of techniques, surgeons started to consider pulling the skin in multiple 
directions, stretching the skin at different angles. They developed transposition flaps 
at 60° or 90° angles (Fig. 10.5). A classic example is the rhomboid flap which is 

Fig. 10.5  Transposition flaps of 60° angle and 90° angle are shown. Utilization of multiple flaps 
such as the bilobe flap distributes the tension in three directions

90˚
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60˚
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45˚ − 90˚
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Fig. 10.6  Pinching the skin 
to see if there is laxity is a 
good test before planning 
flaps

designed in 60°–120° angles. It is critical to undermine skin widely to facilitate 
closure, specifically at the donor site. Utilization of multiple flaps such as the 
bilobed flap is a smart way to distribute the tension in three directions (Fig. 10.5). 
With a large surface area of rotation or advancement, it is possible to distribute ten-
sion over a large area, always looking for an area of loose skin. Fortunately, human 
skin does forgive some errors, but we have to examine and execute with precision in 
certain areas, especially if there is limited laxity of the tissues. We are very often 
working with elderly patients whose skin is loose – but not always. Pinching the 
skin to see if there is laxity is a good test before planning flaps (Fig. 10.6). Sometimes 
the skin is fibrous and can be deceiving.

10.2	 �Scalp Reconstruction

The scalp is a spherical surface with minimal or no laxity. The greatest 
amount of mobility is in the temporoparietal region. The vertex has the least 
mobility and most of the time requires extensive undermining and larger 
flaps. It can be difficult to close a defect over 5 cm. Skin grafts will heal well 
if the pericranium is intact. Flap coverage is required for denuded bone, for 
areas of bone resection or where a hardware is present.

Primary closure (with/without rapid intraoperative expansion, as described 
above) is only possible if the defect is less than 2  cm2 [4]. Medium defects of 
2–25 cm2 can be successfully reconstructed with a variety of flaps such as pinwheel 
flaps, bilobed flaps, rhomboid flaps, or rotation flaps [4] (Fig. 10.7a, b). Large rota-
tion and advancement flaps are often necessary to cover defects greater than 25 cm2. 
Scoring of the galea is a useful adjunct technique to release tension (Fig.  10.8). 
When a large scalp rotation flap is performed, the pericranium is preserved at the 
donor area in preparation for a skin graft. Large flaps are planned along vascular 
pedicles to make sure blood will reach the end of the flap that is often under the 
greatest tension. Multiple flaps can be necessary, as we are working on a sphere 
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2cm 3cm

a b

Fig. 10.7  Reconstruction of medium-sized defects. (a) Rhomboid flaps, (b) Bilobed flaps

Fig. 10.8  Galeal scoring in direction of flap mobilization releases the tension
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Fig. 10.9  Multiple flaps can be 
necessary depending on the size of the 
defect

where the flaps have to be longer to reach [5] (Fig. 10.9). Care should be taken to 
avoid crossing the hairline and the forehead.

If one is not pressed for time, the ideal operation for scalp reconstruction is using 
a tissue expander. At the time of the initial surgery, one or two expanders are placed 
under the hair bearing skin of the scalp (Fig. 10.10). The expander is stretched over 
many weeks injecting the valve with saline and a syringe with a thin needle. It starts 
slowly, 5–10 cc at a time, and then it goes faster when the skin is stretched. At the 
second stage, the expander is removed and the scalp is advanced to close the defect. 
The only residual deformity will be the scar, and sometimes the direction of the hair. 
Exposure of the implant is a well-known complication, which could force one to 
conclude the reconstruction with the flap sooner than planned.
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Expander

Defect

Fig. 10.10  Tissue expanders 
are the ideal choice for 
reconstruction of hair bearing 
scalp

10.3	 �Forehead Reconstruction

The location of the hairline is critical and should be preserved if possible. Also of 
concern is the eyebrow position which should not be elevated. Incisions heal better 
along the relaxed skin tension lines and scars are less visible if they are horizontal. 
However, such primary closure techniques unfortunately will raise the eyebrow. 
Incisions that are adjacent to the eyebrow result in a more permanent elevation and 
the possibility of compromised aesthetics should be discussed with the patient ahead 
of time. In an effort to avoid eyebrow malpositioning, bilobed or rhomboid flaps 
could be utilized (Fig. 10.11a, b). Eventual scar is cosmetically more acceptable with 
rhomboid flaps. For large defects, any type of advancement or rotation flap could be 
used in the forehead as long as they are positioned according to the forehead skin 
lines (Fig. 10.12).

In some cases, skin grafts might yield a more acceptable result than primary 
closure with malpositioned eyebrows [6]. A skin graft on the forehead is more 
acceptable when laterally located (Fig.  10.13a). This can be removed later with 
serial excision (Fig. 10.13b). Scars of the forehead usually heal well and keloids are 

10  Reconstruction of Face and Scalp Defects with Local Flaps



220

a b

Fig. 10.11  (a) Rhomboid flap and (b) bilobed flap are demonstrated for reconstruction of fore-
head defects

unknown in this area, but this is a very visible part of the face and revisions may be 
requested by patients.

10.4	 �Cheek Reconstruction

The cheek is the largest aesthetic subunit of the face and its borders extend from the 
nasal-facial junction and the nasolabial fold to the ear, from the inferior orbital rim 
and zygomatic arch to the jawline [7] (Fig. 10.14). Neck and the retroauricular area 
are a good match to replace the skin of the face. Lip and ear lobule can tolerate 
slight tension; however, the lower eyelid closure should be tension free. Flaps or 
grafts should be utilized instead of primary closure in the vicinity of the lower eye-
lid area to prevent ectropion (Fig. 10.15).

The triangle below the eyelid can be reconstructed with a rotation flap from lat-
eral face called Mustarde flap [8] (Fig.  10.16a, b). The superior flap border is 
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Fig. 10.12  Relaxed skin 
tension lines are horizontal in 
the upper face

S.G.

a b

Fig. 10.13  (a) A skin graft acceptable when defect is laterally located. (b) This can be removed 
later with serial excision

designed high lateral to lateral canthus of the eye and above the zygomatic arch to 
avoid tension on the lower lid. The incision then continues inferiorly to the anterior 
ear with an extension in the neck, as necessary. The rotation point is on the nasola-
bial fold, close to the corner of the mouth.
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Lower lid

Cheek

Jaw

Pre auricle

Naso labial

Fig. 10.14  The borders of the cheek 
(lateral face) is demonstrated

Fig. 10.15  A V-Y flap is demonstrated which was utilized for coverage to avoid ectropion

Soft tissue defects anterior to the ear can be closed by advancing the skin of the 
face as in a face lift (Fig. 10.17). In addition, flaps from cervical or retroauricular 
area can be used as flaps to aid in closure [9] (Fig. 10.17). Over the zygoma, defects 
can be closed easily with local flaps, but the scars are very visible and should be 
meticulously placed (Fig. 10.18). Careful planning is essential to avoid tension on 
the lower eyelid. The jaw line is the area where the skin tension lines lie in a supe-
rior to inferior direction. Inferiorly based cervical transposition flaps can be used 
and rotated 90° degrees (Fig. 10.19a). This will position the flap ideally along the 
relaxed skin tension lines (Fig. 10.19b).
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a b

Fig. 10.16  (a, b) Cheek rotation advancement flap can be utilized for defects of the upper cheek

Fig. 10.17  Cheek skin can 
be undermined and advanced 
for preauricular defects. In 
addition, cervical skin or 
retroauricular skin could be 
transposed as necessary
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Fig. 10.18  A transposition flap is shown for reconstruction of a soft tissue defect over the zygoma

1

2

a b

Fig. 10.19  (a) Cervical transposition flaps for jaw line reconstruction. (b) Once transposed, the 
flap lies ideally along the relaxed skin tension lines

10.5	 �Nasal Reconstruction

Skin of the lower third of the nose is adherent to the cartilaginous structure and is 
not mobile and cannot be rotated. Skin of the upper third is the most mobile and is 
often utilized as a donor site. Central nose also has some mobility, and closure tech-
niques depend on the direction of the defect. Ideally, scars should be positioned at 
the borders of the subunits and adjacent normal tissue may need to be discarded for 
optimal cosmetic outcome [10]. Typical donor sites for nasal reconstruction are 
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nasolabial area, forehead, upper lateral nose, or glabella (Fig. 10.20). Large noses 
are wonderful to work on because they have ample surface for donor site. Young, 
small noses are challenging as the skin is tight and very often skin grafts are needed.

When there is a vertical defect in the upper or central nose, advancing the skin 
of the side of the nose may be sufficient with two z-plasties (Fig.  10.21). For 

Glabella

Nasion

Fig. 10.20  Shaded area demonstrates 
typical donor sites for nasal 
reconstruction

Fig. 10.21  Z-plasties are 
a practical method of 
mobilizing skin laterally
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round defects of upper and central nose, flaps from the glabella such as rotation, 
bilobed, or rhomboid are utilized (Fig. 10.22a, b). In the lower third of the nose, 
direct closure does not work well because it causes distortion of the ala and tip. 
Superiorly based nasolabial flap is a good choice for resurfacing a defect of the 
lower third of nose, specifically in the vicinity of the alae [10, 11] (Fig. 10.23a–c). 
Skin grafts and cartilage grafts may be necessary to prevent contracture. A dorsal 
nasal flap is ideal for defects located low in the midline (Fig. 10.24). Local flaps 
can result in a trap door (pincushion) deformity which may require secondary 
revision procedures.

Bilobed flaps are designed along the vertical axis of the nose and are rotated after 
wide undermining (Fig. 10.25). When designing bilobed flaps, the first donor flap is 

60̊

a

b

Fig. 10.22  (a, b) For central 
and upper nose reconstruc-
tion, flaps from the glabella 
such as rotation, bilobed, or 
rhomboid are utilized
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Outside

Inside

a

b c

Fig. 10.23  (a, b) A superiorly based nasolabial flap is a common choice for alar reconstruction. 
(c) Skin grafts may be necessary for inner lining reconstruction

Fig. 10.24  A dorsal nasal flap is usually used for reconstruction of the lower third of nose

made narrower than the defect making it more oval. The second donor flap is even 
narrower, ending in a point, with a variable angle [12, 13].

The workhorse flap in reconstruction of the nose is the paramedian forehead flap, 
which is done in two stages. It is not the original Indian flap of 2000 years ago, but 
the one which was described in 1800 by a visiting British colonial in India and 
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Dog
ear

Fig. 10.25  Bilobed flaps. The first donor flap is made narrower than the defect and the second 
donor flap is even narrower, ending in a point

brought to England [14, 15]. The flap is designed based on the supratrochlear ves-
sels (Fig. 10.26a). The pedicle is left attached for a minimum of 2 weeks or more for 
vascularization of the flap (Fig. 10.26b, c). If there is uncertainty about vasculariza-
tion, the division can be delayed or performed as a partial separation. There may be 
a need for a third surgery, for final trimming and shaping.

10.6	 �Lip Reconstruction

There are a multitude of local flaps described for lip reconstruction. The choice 
depends on the structures involved (i.e., vermillion, commissure, skin) and size of the 
defect. Perioral reconstructions must attempt to restore both appearance and function. 
It is critical to reapproximate orbicularis muscle for normal lip motion and the white 
roll must be accurately aligned. The lower lip is more mobile and tolerates primary 
closure for the majority of defects. For this reason, superficial defects that are less 
than 1/3–1/2 of the lip are usually treated as full-thickness defects [16]. Full-thickness 
excisions are typically performed in a wedge or W pattern (Fig. 10.27). It is important 
not to violate the chin-lip crease and the tail of the pattern should be adjusted accord-
ingly. Rectangular excision followed by bilateral incisions along the chin-lip crease 
to advance skin may be necessary to avoid crossing this natural fold. Rhomboid or 
nasolabial flaps based inferiorly are among other choices (Fig. 10.28). Cervical trans-
position flaps to move tissue from underneath the chin can also be used, if the defect 
is located low (Fig.  10.28). Finally, lip switch or cheek advancement techniques 
could be employed for larger defects encompassing more than 2/3 of the lip.
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a b

c

Fig. 10.26  (a) Paramedian forehead flap is based on the supratrochlear vessels. (b) The flap is trans-
posed and the donor site is primarily closed or left for secondary intention healing. (c) The pedicle 
remains attached for 2–3 weeks after which it is divided and inset

Fig. 10.27  A lower lip lesion could be excised in W fashion and primarily closed with advance-
ment of lateral lip elements

10  Reconstruction of Face and Scalp Defects with Local Flaps



230

Fig. 10.28  Nasolabial flap and cervical 
transposition flap are demonstrated for a 
lower lip skin defect

Upper lip is less tolerant for tension and defects up to 1/3–1/4 will do well with 
primary closure [16]. This will usually require perialar crescentic excisions to mobi-
lize lateral lip tissue [17] (Fig. 10.29). Functional reconstruction is less critical here. 
Skin can be reconstructed with an inferiorly based nasolabial flap up to the philtral 
ridge, and by advancing the contralateral lip skin (Fig. 10.30). Forehead flap can 
provide a mustache even if the hair lays in the wrong direction. For larger defects, 
lip switch procedures or cheek advancement flaps are indicated. Balance in the 
lengths of upper and lower lips is important and tissue should be shared evenly if 
performing lip switch procedures.
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Fig. 10.29  Lateral lip 
advancement with perialar 
crescentic excision
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Fig. 10.30  Nasolabial 
flap for upper lip 
reconstruction
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Local/Regional Flaps in Oral/Head 
and Neck Reconstruction
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11.1	 �Introduction

The contemporary dictum in head and neck reconstruction is to utilize microvascu-
lar transfer techniques. More and more, the use of local or regional flaps has been 
relegated to the use in the salvage setting of failed microvascular flaps or in patients 
deemed too sick to undergo long anesthetics as is required for free flap transfers.

The author’s belief is that in many scenarios, the use of local or regional flaps is 
often better indicated and would likely offer a superior final reconstruction than the 
alternative of free tissue transfer.

Clearly, the use of local or regional flaps is most commonly employed in those 
cases where the need for bone is not mandatory or the lack of use would not nega-
tively impact the final outcome.

The benefits of local and regional flaps are many; the most apparent ones are 
similarity in tissue texture, color match, and the diminished operative time. When 
properly selected, patients who undergo reconstruction with local or regional flaps 
will often have an overall shorter hospital course when compared to those patients 
treated with free tissue transfer. The exception to this is when local and regional 
flaps are used in the salvage setting or when they are used to reconstruct the medi-
cally compromised patients. In these cases, the reason for the longer hospital stay is 
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not a directly related to the reconstructive option but rather the medical comorbidi-
ties which mandate the longer, more complex medical management.

This chapter will present a selected number of flaps commonly used in head and 
neck reconstruction. The flaps selected are the ones that the author deems to be 
absolutely necessary in the reconstructive armamentarium of today’s head and neck 
reconstructive surgeon.

The “workhorse” flap in the salvage setting, i.e., the pectoralis major myocutane-
ous flap, will be presented with details on how to elevate the flap. Three additional 
flaps will be presented, the submental island flap, the supraclavicular flap, and the 
internal mammary perforator flap. These flaps may be considered “newer” in the 
head and neck arena but in fact have been present in some form for many decades.

11.2	 �Flap Options in the Head and Neck

As with any surgical endeavor, the selection of a flap to reconstruct a defect in the 
head and neck region should take into account several factors. The most obvious one 
is the overall health of the patient and his or her ability to withstand the operation.

Once that is deemed appropriate, other factors that need to be assessed by the 
surgeon are previous surgical interventions in the head and neck, history of radia-
tion therapy to the head and neck, and body habitus of the patient.

11.3	 �Regional Flaps

11.3.1	 �Submental Island Flap

Martin and colleagues first described the submental island flap in 1993 [1]. This 
publication introduced this new donor site and highlighted its anatomy and use as 
both as a free tissue flap and most importantly as a pedicled flap. The authors 
described the use of the submental flap illustrating its use in eight clinical cases 
ranging from cheek defects to forehead and auricular defects. Numerous other pub-
lications quickly followed Martin’s publication. These contributions helped to fur-
ther refine the use of the flap including among them the reverse flow flap [2].

11.3.1.1  �Indications
The submental island flap can be used to repair numerous defects in the head and 
neck. It has been described for use in the oral cavity [3], for palatal reconstruction 
[4], for pharyngeal defects [5], and even for the reconstruction of prevertebral 
defects [6]. As with any other pedicled flap, the main limitation of this flap is the arc 
of rotation and therefore the reach of the flap.

The use of the reversed flow flap allows for an extended reach, and thus the flap 
can be used in defects as far away as the forehead.
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11.3.1.2  �Anatomy
The basis for the submental flap lies in its namesake vessel, the submental artery 
and vein. The facial artery gives off the submental artery branch, which travels 
along the inferior border of the mandible and medial to the submandibular gland to 
gain access to the submental region. Along its path, the submental branch gives off 
perforators to the skin.

Magden and colleagues found that the submental artery and its accompanying 
vein travel deep to the anterior belly of the digastric muscle in 81 % of time, and in 
the remaining 19 %, its path is superficial to the anterior belly of the digastric 
muscle [7].

11.3.1.3  �Flap Harvest
With the patient in a supine position, the head is extended. A pinch test is done to 
determine the amount of skin that may be taken while allowing for primary closure 
of the donor site.

Once the width is determined, a fusiform shape is designed in the submental 
region with the distal end of the drawing extended to incorporate it into the apron 
flap design.

A subplatysmal flap is then elevated to up to the inferior border of the mandible 
and along the fusiform design of the flap.

Flap elevation commences from the contralateral side (distal end of the skin 
paddle).

The incision is deepened to the anterior belly of the digastric, and dissection is 
extended along this plane toward the midline. Once the attachment of the digastric 
is encountered, the ipsilateral digastric is disinserted from the mandible in order to 
allow for flap elevation deep to the ipsilateral digastric.

The inferior dissection is continued along this plane until the digastric tendon is 
encountered. The tendon is divided, and the dissection is carried out to identify the 
pedicle of the flap and remove the submandibular gland in order to better delineate 
the pedicle while improving the arc of rotation.

In cases where the pedicle is found to travel through the submandibular gland, 
the intraglandular/periglandular dissection should be done in a meticulous manner 
with the aid of the bipolar electrocautery in order to minimize injury to the 
pedicle.

Once the pedicle dissection is completed, the arc of rotation is checked to con-
firm reach without tension.

When the flap is to be used to reconstruct defects in the oral cavity, a wide mylo-
hyoid tunnel is made so as to allow easy transfer of the flap.

Once the flap is transferred, the geometry and lay of the pedicle need to be 
assessed and confirmed not to have any twists or kinks along its path. A kink or twist 
could severely hinder the arterial inflow or venous outflow to the flap and therefore 
jeopardize the flap success.

The flap is then inserted and the donor site is closed primarily.
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11.3.1.4  �Flap Variation
The reverse flow flap is a variation of the submental island flap, whereby the facial 
artery is ligated and divided below the takeoff of the submental artery. The venous 
main technical detail of this variation is the inclusion of the larger superficial vein 
that feeds the skin flap. According to the study performed by Kim et al., the facial 
vein running 1 cm lateral to the artery has sufficient connections to the neighboring 
veins by large channel that it can overcome the reversed venous flow against the 
valves [2].

The main advantage of the reverse flow is the ability to reconstruct defects in the 
head and neck that would be out of reach from the conventional submental island 
flap.

Case #1
This patient was referred for resection of a long-standing basal cell carcinoma of the 
left cheek region which had extended toward the upper lip. Significant submucosal 
extension was palpated (Fig. 11.1).

The plan for reconstruction with the submental island flap was discussed with the 
patient and the desired flap was marked (Fig. 11.2).

The resection was performed, and it rendered a wide and deep defect mostly on 
the left cheek region but with extension medial to the nasolabial fold onto the upper 
lip (Fig. 11.3).

Fig. 11.1  Patient marking for 
planned resection of skin 
malignancy
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Fig. 11.2

Fig. 11.3
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Fig. 11.4

The submental island flap was elevated, and the arc of rotation was confirmed to 
assure adequate reach without undue tension (Figs. 11.4 and 11.5).

A subcutaneous tunnel was developed and the flap was transferred to the defect 
site and inset (Fig. 11.6).
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Early postoperative result showed a significant redundant tissue along the naso-
labial fold (Fig. 11.7).

After discussion with the patient, a revision was performed whereby the flap was 
debulked and the redundant skin was excised and the scar placed along the nasola-
bial groove (Fig. 11.8).

Fig. 11.5
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Fig. 11.6

Fig. 11.7
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Case #2

A patient with a T2 lateral tongue squamous cell carcinoma presented for surgical 
treatment. After the reconstructive options were discussed with the patient, he 
opted for the submental flap reconstruction of his eventual hemiglossectomy 
defect. The planned flap was marked along with the incision for the neck dissection 
(Fig. 11.9).

A simultaneous neck dissection and elevation of the flap were performed after 
the glossectomy (Fig. 11.10).

With the elevation of the flap completed, the arc of rotation was assured. Note the 
meticulous dissection of the pedicle with removal of all of the lymphofatty tissue 
(Figs. 11.11 and 11.12).

A tunnel was then created along the mylohyoid muscle and into the floor of the 
mouth, and the flap was transferred while ensuring that the pedicle was not kinked 
nor compressed (Fig. 11.13).

  Fig. 11.8
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Fig. 11.9

Fig. 11.10
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Fig. 11.11
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Fig. 11.12

Fig. 11.13
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11.3.1.5  �Advantages/Disadvantages
There are several advantages of the submental island flap over free tissue transfer. 
The first and most commonly referred to is superior color and texture match of the 
submental island flap over free tissue transfer. Another significant advantage is the 
shorter operating time and the fact that there is no need for microsurgical technique 
when using this flap in its pedicled form [8]. Paydarfar and Patel found in their 
comparative study of the submental island flap vs. the radial forearm free flap that 
not only was the operative time shorter but also there was a shorter hospital stay 
without any compromise on the functional outcomes [9].

One of the main disadvantages of the submental island flap is the transfer of 
hair-bearing tissue to the oral cavity. This problem is obviously encountered in 
males and can be addressed by excising the skin at a later date and placing a skin 
graft [10].

Critics of the submental island flap have often expressed their distrust of its use 
in patients with head and neck malignancies, the fear being that there is a chance of 
transferring cancer-containing nodes within the reconstruction. In a recent publica-
tion, Howard and his colleagues reported their experience with the use of the sub-
mental island flap in the oncologic setting where they reported that with appropriate 
management of the level I nodal compartment, oncologic outcomes are not compro-
mised [11].

11.3.2	 �Supraclavicular Flaps

It is often said that old things become new things. This saying can certainly be 
applied to the supraclavicular flap. In 1842, Mutter initially described the use of this 
flap as a randomly based flap [12]. Confusion exists in the reported literature as to 
elaboration of the anatomical details of the flap, Di Benedetto credits Kazanjian and 
Converse with the description of the “in charretera” flap [13]. Kokot and colleagues 
attribute the “in charretera” description to Kirschbaum [14]. Mizerny and colleagues 
performed dye cast studies and described the role of the transverse cervical artery to 
the fasciocutaneous flap [15]. Although many other surgeons described their experi-
ence with this flap, it was not until the early 2000s when surgeons like Pallua and 
Hartmann began to popularize the use of the pedicled supraclavicular flap that it 
began to harness widespread attention from reconstructive surgeons across several 
specialties [16–18].

Today, this “newcomer” has found a solid footing in the reconstructive armamen-
tarium of most reconstructive surgeons.

11.3.2.1  �Indications
The supraclavicular flap can be used in a variety of situations. The flap finds its 
greatest use in reconstructing defects in the neck and lower facial region [19, 20]. 
Oral and oropharyngeal defects can be routinely reconstructed with the supracla-
vicular flap [21].
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Defects located higher in the head and neck region such as the parotid bed, scalp, 
and skull base are adequately reconstructed with the supraclavicular flap without 
the need for pre-expansion [22–24].

Additionally, the flap can be reliably used to reconstruct the above stated defects 
even in patients in whom the neck have been dissected and or radiated [12].

11.3.2.2  �Anatomy
The anatomy of the supraclavicular region has been well studied in recent years. 
The thyrocervical trunk gives rise to the transverse cervical artery, which in turn 
gives rise to the perforators to the fasciocutaneous area of the shoulder. Cordova and 
her colleagues showed that on average there are four perforators for the skin area of 
the shoulder. These perforators come from the superficial branch of the transverse 
cervical artery in 75 % of the time and from the artery itself in 25 % [25]. The 
venous drainage to the flap is by the vena comitans as well as the superficial external 
jugular vein.

11.3.2.3  �Flap Harvest
The patient is placed in a supine position with the neck slightly rotated to the con-
tralateral side. A shoulder roll is placed on the side of the flap so as to elevate the 
donor shoulder.

The vascular supply to the flap is confirmed with the aid of a Doppler. The main 
trunk of the artery can be found in the area superior to the clavicle and lateral to the 
posterior border of the sternocleidomastoid muscle. Once the artery is confirmed, it 
is traced laterally toward the shoulder.

The skin paddle is then marked out by doing a pinch test to determine the maxi-
mum width of the flap. The length of the flap should not extend beyond the insertion 
of the deltoid muscle.

Elevation of the flap is performed with a needle electrocautery. The skin is 
incised, and a subfascial elevation is carried out beginning laterally and moving 
medially toward the root of the neck.

Once dissection reaches the fatty area medial to the trapezius, the bipolar electro-
cautery is used to meticulously dissect the vascular pedicle. The pedicle is dissected 
circumferentially without sacrificing the external jugular vein. The arc of rotation 
and reach of the flap is confirmed. Once adequate reach without tension is achieved, 
the flap is inset.

Closure of the defect is done by generally undermining the lateral edges. 
Typically, the area over the shoulder is closed first followed by the rest.

Case 1
The patient has a history of previous head and neck malignancy, which was treated 
with resection, neck dissection, and reconstruction with a free fibula flap. He 
received postoperative adjuvant radiation and later developed dehiscence and expo-
sure of the reconstruction plate (Fig. 11.14).

A supraclavicular flap was planned after Doppler confirmation of the presence of 
the artery.
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The flap was elevated after removal of the exposed plate and debridement of the 
necrotic tissues (Fig. 11.15).

Once the arc of rotation and reach of the flap was confirmed to be satisfactory, 
the flap was then inset to the defect (Fig. 11.16).

Early postoperative evaluation revealed an acceptable reconstruction with good 
soft tissue quality and color match (Fig. 11.17).

Case 2

This middle-aged man with history of mandibular squamous cell carcinoma status 
post mandibular resection, neck dissection, and radiation therapy followed by post-
operative radiation therapy presented for management of new lesion on the lower lip.

Given his previous surgical history and radiation, the plan was made for wide 
local excision and immediate reconstruction of the defect with a supraclavicular flap 
(Fig. 11.18).

The flap was elevated in a subfascial plane as previously described (Fig. 11.19).

Fig. 11.14

Fig. 11.15
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Fig. 11.16

Fig. 11.17
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With the elevation completed, the reach of the flap was confirmed to assure that 
the reconstruction would be done without tension (Fig. 11.20).

The flap was then inset in a standard fashion (Fig. 11.21).

11.3.2.4  �Advantages and Disadvantages
The advantage of the supraclavicular flap lies in its reliability even in those patients 
with history of previous neck dissections and radiation [12]. Additionally, the wide 
range of defects that may be reconstructed with the supraclavicular flap can span 
pharyngeal defects, oral defects, skin defects, and up to skull base defects.

Although there are few disadvantages to this flap, nonetheless, they do exist. The 
commonly encountered is the widened scar at the donor site, which may be of con-
cern to some patients, particularly female patients.

When the supraclavicular flap is used to reconstruct patients with history of radi-
ation therapy to the head and neck, the donor site may have a prolonged period of 
erythema, and dehiscence may also occur.

Fig. 11.18

Fig. 11.19
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11.3.3	 �Pectoralis Major Flaps

Every so often, a development occurs in the surgical world that leads to a dra-
matic change in practice, a true paradigm shift. This can be said about the pecto-
ralis major myocutaneous flap. In 1978, during a surgical conference, Ayrian 
presented his experience with the use of the pectoralis major muscle flap to 
reconstruct various head and neck defects. One year later, he published this 
report in the journal of Plastic and Reconstructive Surgery. Since this descrip-
tion, the pectoralis major myocutaneous flap has remained an integral flap in the 
reconstructive armamentarium of head and neck reconstructive surgeons. 
Although its popularity has declined since microsurgical techniques became a 
commonplace, it is still one of the most commonly utilized flaps in the salvage 
setting of failed free tissue transfer as well as a primary option in reconstructing 
patients with multiple comorbidities who are not deemed to be good candidates 
for the longer microvascular options.

Fig. 11.20

Fig. 11.21
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11.3.3.1  �Indication
The pectoralis major can be used to repair a wide range of defects in the head and 
neck. The flap is routinely used to cover the pharyngeal suture lines in patients 
undergoing salvage laryngectomy after failed chemoradiation therapy. The pectora-
lis flap may be used to reconstruct tongue, floor of the mouth, and retromolar defects 
as well as pharyngeal defects without much difficulty. The use of the pectoralis to 
reconstruct defects as high as the maxilla is well reported, but it comes with it a 
higher rate of dehiscence along the highest points and therefore renders its use in 
that setting less ideal.

11.3.3.2  �Anatomy
The vascular anatomy to the pectoralis major comes from several sources. The 
internal mammary artery perforators supply the medial portion of the muscle and its 
overlying skin. The main pedicle to the muscle comes from the thoracoacromial 
artery. The lateral thoracic artery supplies the lateral aspect of the muscle.

The pectoralis muscle is a large muscle that covers the anterior chest. The pecto-
ralis muscle originates from the clavicle, the sternum, and the ribs and inserts on the 
greater tubercle of the humerus.

11.3.3.3  �Flap Harvest
The flap is harvested with the patient in a supine position and with the defect well 
delineated. With either a suture string or with the string from a surgical lap, a pivot 
point is placed somewhere lateral from the midpoint of the clavicle, and the string 
is allowed to passively rest on the neck, and the outermost portion of the defect is 
marked. With the pivot point still remaining, the string is rotated to the chest and the 
mark of the defect is marked on the chest. This mark will represent the portion of 
the cutaneous part of the flap that needs to reach the part of the defect most distal to 
the pivot of the flap.

The desired skin paddle is then marked along the chest wall. The author will usu-
ally harvest a fusiform shape in order to aid in closure of the donor site.

The marking is then extended in a superior lateral direction in a curvilinear 
fashion.

Incision is typically begun on the medial aspect of the skin paddle to confirm that 
the majority of the skin paddle is located over the muscle; typically the skin paddle 
should not extend more than a few centimeters beyond the muscle.

The dissection is extended in an oblique manner so that the base of the skin 
paddle is wider than the surface. Once the skin paddle is exposed circumferentially, 
the skin may be sutured to the fascia of the muscle in order to minimize the potential 
of sheering.

The lateral chest skin is elevated off the muscle fascia toward the lateral edge of 
the muscle. Once this is identified, the plane between the pectoralis major and minor 
is entered, and a combination of blunt and sharp dissection is performed in a caudal 
direction to the desired length beyond the skin paddle.
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The medial dissection is performed by incising the muscle with caution to iden-
tify the internal mammary perforators that may be encountered as the dissection is 
extended toward the clavicle.

With the muscle elevated, the thoracoacromial pedicle is easily identified, and 
care should be taken to protect it for the remainder of the operation.

The lateral insertion of the pectoralis muscle to the humerus is divided with elec-
trocautery. Care should be taken to identify the cephalic vein as it runs along the 
deltopectoral groove.

With the flap harvest completed, attention should be directed to the development 
of the skin flap to transfer the flap to the neck and eventually to the defect site.

The superior skin above the curvilinear incision is elevated up to the clavicle and 
made to communicate with a previously developed skin flap from the neck. When a 
tunnel is created, one should ensure that it is adequate in size to accommodate the 
flap transfer and not compress the pedicle once it is transferred.

The donor site is closed with minimal undermining and over a suction drain.

Case #1
A middle age male was referred for the management of persistent neck disease after 
primary chemotherapy for a tonsil malignancy. The patient was positioned and 
prepped for the neck dissection and flap harvest (Fig. 11.22).

The neck dissection was completed and a muscle-only flap was elevated and 
checked for reach prior to transfer (Fig. 11.23).

A tunnel was created and the flap was transferred to the neck (Fig. 11.24).
The exposed vessels were covered with the flap (Fig. 11.25). The donor site was 

closed over suction drain (Fig. 11.26).

Fig. 11.22
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Fig. 11.23

Fig. 11.24

Fig. 11.25
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Case 2

A young lady was referred to the department of salvage surgery after recurrence of 
a squamous cell carcinoma of the parotid with invasion to the temporal bone. A 
large skin flap was elevated (Fig. 11.27).

A total parotidectomy, mandibular resection, and a temporal bone resection were 
performed (Fig. 11.28).

A pectoralis flap was elevated and transferred into the neck (Fig. 11.29). The flap 
was advanced and inset to obliterate the temporal and parotid defect as well as for 
coverage of the great vessels (Fig. 11.30).

The recipient site was closed without significant depression in the operative site 
(Fig. 11.31).

Fig. 11.26

Fig. 11.27
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Fig. 11.28

Fig. 11.29

Fig. 11.30
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11.3.3.4  �Advantages and Disadvantages
The pectoralis major myocutaneous flap has several advantages. The flap may be 
elevated very quickly due to the ease of harvest. Albeit tight, it also allows for a 
two-team approach for ablation and flap harvest. The flap is very reliable and can be 
used for coverage of large defects as a muscle-only flap with skin grafting or a large 
myocutaneous flap may be elevated and the donor site skin grafted.

The main disadvantage of this pedicle flap as compared to the other two described 
in this chapter is the color match. The pectoralis skin will be considerably lighter 
and with a different texture than the skin in the head and neck. The use of the pec-
toralis flap in female patients may be problematic as it often results in the distortion 
of the breast. Additionally, the limitations of reach can at times limit the flap.
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12Multiunit Defects

Jacob G. Yetzer and Rui P. Fernandes

A discussion of multiunit defect reconstruction of the maxillofacial complex 
requires an appropriate definition of the term. While there are a number of classi-
fication systems which define subdivisions of individuals units such as the lower 
face or orbitomaxillary complex [1–5], yet detailed classification of multiunit 
defects of the face as a whole has not been described. Gonzalez-Ulloa originally 
provided a system of classifying the esthetic subunits of the face, and Zan et al. 
provide a more modern classification of cutaneous facial defects based upon the 
extent of reconstruction [6, 7]. These classifications, while including consideration 
of subunits of the face, are particularly applicable to surface anatomy. They do not 
necessarily account for the important three-dimensional and functional aspects that 
have considerable impact on outcomes in complex post-ablative defects. While the 
average head and neck surgeon would likely “know it when they see it,” to para-
phrase Supreme Court Justice Stewart, a broad definition should include defects 
that involve more than one anatomic or functional component of the maxillofacial 
complex. Examples would be a defect involving the skin, mucosa, and bone or 
mandible plus the maxilla or tongue plus the pharynx. The list of possible combi-
nations is long.

Other chapters in this text include in-depth discussions of the reconstructive 
techniques employed for individually defined facial subunits. Therefore, it is not the 
purpose of this section to rehash those methods. Rather, this section is intended to 
provide unique considerations and representative cases which call for integrating 
the tools and techniques emphasized throughout this volume.
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12.1	 �General Considerations

The goals in multiunit facial reconstruction are vastly similar to the sum of the goals 
sought in the reconstruction of the constituent defects. Such objectives include cov-
erage and obliteration of the defect using vascularized tissue. Sterile and non-sterile 
compartments should be separated from one another. Last, but important, every 
effort should be made to restore the patient functionally and esthetically in order to 
preserve quality of life from a psychological and social standpoint.

When approaching the reconstruction of a multiunit defect, goal-directed plan-
ning taken prior to the resection is critical. Because of the additional complexity as 
compared to the single-unit defect, the additional planning of the ideal reconstruc-
tion as well as several potential alternatives will greatly ease the situation once the 
operation has begun. Reconstruction will be affected, at least in part, by the etiology 
of the defect, which may include trauma, infection, neoplasm, osteoradionecrosis, 
or prior reconstructive failure.

Understandably, a large majority of multiunit defects will be related to pathol-
ogy, most commonly malignant. A good starting point in treatment planning is the 
extent and completeness of the oncologic resection that is to be expected. Clearly, a 
tumor resection that is expected to result in these types of defects will usually be for 
a high-volume tumor that has an increased likelihood of involving critical struc-
tures. The surgeon must therefore be certain that structures of critical significance 
be addressed prior focusing on other aspects. For instance, the case of the extensive 
skull base resection for nasal carcinoma (Fig. 12.1a–g) would require skull base 
coverage in the region of dural resection as leaving this area unreconstructed for any 
reason may result in catastrophic consequences. Likewise, ablative procedures 
resulting in exposure of the great vessels of the neck should merit a high position on 
the reconstructive surgeon’s priority list. On the other hand, these are the very cases 
when conservative reconstruction may be wise in the primary setting. When the 
margin status or patient prognosis depends upon dissection of difficult anatomy or 
critical structures of the head and neck, then delayed reconstruction can provide an 
opportunity to confirm definitive histopathologic results. Good judgment and 
patience in such situations may mean the difference between a sound oncologic and 
reconstructive outcome for the patient and disaster.

Assuming all critical structures are adequately protected, consideration ought to 
be given to staged or secondary reconstruction. Leaving a defect unreconstructed 
for the sake of clinical surveillance is not shown to improve outcomes [8]; however 
in cases involving questionable margin status and where further resection would 
lead to significant morbidity, a delay in reconstruction can prove most well advised. 
Tumors involving the carotid, skull base, or prevertebral area may be considered a 
part of this category.

As an example, Case 1 is a young man with extensive nasal squamous cell car-
cinoma with dural involvement. He presented originally to the radiation oncology 
unit and preferred to undergo radiotherapy rather than surgery. The tumor 
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Case 1
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Fig. 12.1  (a)  Case 1 is a 28-year-old male with a large nasal squamous cell carcinoma 
demonstrating skin involvement. The patient recently completed radiotherapy with poor 
response. (b) Coronal MRI image showing the large nasal tumor with orbital and anterior 
skull base involvement. (c) Completion of resection shown for Case 1 including subtotal 
rhinectomy, ethmoidectomy, sphenoidectomy, and transfacial anterior skull base resection. 
(d) Intraoperative CT showing completed resection. (e) Elevation of pericranial flap for 
repair of dural resection. While this patient will undergo a staged reconstruction, it is crucial 
to achieve dural repair in order to prevent CSF leak or CNS infection. (f) Pericranial flap 
inset with split-thickness skin graft. (g) Case 1 patient after removal of dressing. Skull base 
repair is well healed and all final margins are clear. This patient will now undergo nasal 
reconstruction. An interim prosthesis has been fabricated 
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demonstrated only partial response to radiation, and he was then treated with sal-
vage surgery for a high-volume tumor of the nasal cavity with involvement of the 
skin, medial orbit, and anterior skull base. He underwent subtotal rhinectomy, eth-
moidectomy, and sphenoidectomy with transfacial anterior skull base resection with 
intraoperative navigation. In this case primary reconstruction of the dura was per-
formed using a pericranial flap and skin graft in order to prevent CSF leak or poten-
tially catastrophic infection. The remainder of the reconstruction was delayed for a 
later date in order to allow time to confirm final margins and disease control. 
Depending on the duration of the delay, a temporary prosthesis can be fabricated, 
and autogenous reconstruction planned as per patient desires.

A further consideration in cases of high-volume tumors involving multiple units 
is patient prognosis. In many ways this is no different from any reconstruction per-
formed for oncologic resection – the patient must be thought of as a whole. However, 
as the magnitude of the reconstructive procedure to be performed increases, the 
attention to the relative merits of the surgery should be weighed more heavily. 
Often, a multiunit defect will require flaps involving greater complexity or multiple 
flaps. These methods have the attendant downsides of additional operative time and 
greater donor-site morbidity as well as a higher likelihood of slower recovery. By 
their very nature, large tumors will have a higher likelihood of recurrence with its 
accompanying implications for patient survival [9]. For these reasons a careful anal-
ysis of the risks and benefits of the reconstruction should be performed with careful 
weighing of the patient’s desires and goals.

Last to be discussed, but potentially the first line of thought in cases of multi-
unit reconstruction, should be a careful discussion with the ablative surgeon. With 
precise planning, defects and therefore the necessary reconstruction can be greatly 
simplified if a careful and oncologically sound resection can be done in a manner 
that results only in a single-unit defect rather than multiple. This obviates the need 
for additional complexity. The example, Case 2 shows a 43-year-old female who 
presented with biopsy-proven maxillary adenoid cystic carcinoma. Biopsy was 
done in her home country where she presented with midfacial pain, ipsilateral 
orbital swelling, and epiphora. Both clinically and radiographically, she appeared 
to have gross orbital involvement on initial evaluation. Oncologic principles 
would indicate the correct operation is orbital exenteration with maxillectomy. 
However, by allowing for a degree of adaptability during the course of the opera-
tion, the ablative surgeon identified a defined surgical plane of dissection allowing 
for clear margins with preservation of the eye. Such a defect as shown in the case 
images is much easier to reconstruct with the eye left intact (Fig. 12.2a–f). Of 
course contingencies need to be discussed prior to the case beginning, but the 
merit of careful coordination of the oncologic and reconstructive portions of the 
surgery should be clear.
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Case 2
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Fig. 12.2  (a) Coronal image of a 43-year-old female with maxillary adenoid cystic carci-
noma with orbital involvement who presented with left facial swelling, pain, orbital swell-
ing, and epiphora. (b) Intraoperative image of the patient prior to surgical start. Left midface 
fullness and eyelid edema can be noted here. (c) Case 2 showing post-resection state. Great 
care was taken to preserve the eye despite orbital floor involvement. Clear frozen margins 
were achieved which allowed reconstruction with radial forearm flap alone. (d) The radial 
forearm flap is elevated based on a paper template contoured to the defect. (e) Forearm flap 
insetting into the maxillary defect. An orbital floor implant has been placed and is re-lined 
by the flap in order to prevent extrusion. (f) Image showing final closure after flap insetting 
and anastomosis
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12.2	 �Multiple Flaps

Often, a single flap will not provide the quantity, tissue types, or geometry required 
to reconstruct a multiunit defect. Using multiple flaps either simultaneously or in a 
staged manner allows the reconstructive surgeon to rehabilitate more complex, 
high-volume tumor resections and has been demonstrated to be an effective method 
of doing so [10, 11]. Indications include large defects of soft tissue and/or bone, 
complex geometry required for insetting, and complex skull base defects [11, 12]. 
Commonly reported combinations include fibula osteocutaneous plus a fasciocuta-
neous flap such as a radial forearm or ALT, but any composition may be utilized 
depending on the specific tissues required and surgeon preference [10, 13]. For 
instance, the gentleman highlighted in Case 3 underwent reconstruction using fib-
ula osteocutaneous flap along with anterolateral thigh fasciocutaneous flap 
(Fig. 12.3a–f). He initially had been diagnosed with osteoradionecrosis of the ante-
rior mandible after radiation for a prior squamous cell carcinoma. However, after 
failure to improve, a repeat biopsy revealed recurrent SCC involving the entire 
floor of the mouth and mandible. The tumor included extensive skin involvement 
of the entire lower face as well as bilateral oral commissures. He was reconstructed 
using the fibula cutaneous paddle for repair of the floor of the mouth. An ALT was 
then designed to cover the lower facial skin defect in addition to the bilateral 
cheeks and upper lip. Bilateral anastomoses were used with end-to-end anastomo-
sis to branches of the external carotid arteries. For large oromandibular defects 
such as this, the large and entirely independent skin paddle allows for reconstruc-
tion of the cutaneous portion while the fibula skin paddle can be utilized for the 
mucosal layer.

There are clear benefits to using multiple free flaps as opposed to chimeric flaps, 
for instance. First, each missing tissue component of the defect can be reconstructed 
with the ideal tissue for that particular subunit. Soft tissue, for example, must be 
ample enough to separate components and provide appropriate pliability without 
being overly bulky. By allowing the surgeon to choose specific tissue characteris-
tics, these goals can be more easily achieved. In addition, the geometric arrange-
ment of each flap can be planned entirely separately from the others. This can help 
decrease the likelihood of acute bends or folding that could result in untoward 
complications.

Reported outcomes of double free flap reconstruction of the head and neck are 
varied but on balance provide support for the method. Reported survival rates for 
double flap reconstructions are very similar to single-flap reconstructions with 
reported success rates from 95 to 100 % [10, 12, 18, 19]. From a functional stand-
point, a range of outcomes have been reported as well. The series of patients 
described by Guillemaud and Bianchi had good speech intelligibility in the majority 
of patients. These reports in addition to Wei et al. support oral intake in patients in 
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Case 3
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Fig. 12.3  (a) Case 3 showing recurrent squamous cell carcinoma involving the entire ante-
rior mandible, skin of both upper and lower lips and chin, as well as the floor of the mouth. 
(b) Patient after an extensive resection resulting in a large multiunit defect. (c) Specimen 
from Case 3 is shown here. (d) This image demonstrates the patient after insetting of the 
first flap – a fibula osteocutaneous flap with the skin paddle used to restore the floor of the 
mouth. (e) Anterolateral thigh marked for reconstruction of the chin, lower lip, bilateral 
cheeks, and portion of the upper lip. (f) Patient shown after insetting of the second flap – an 
anterolateral thigh flap – overlying the fibula flap
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the 94–100 % range following multiple free flap reconstruction [18, 19]. 
Balasubramanian also reported positive functional outcomes in a series of 21 
patients with double-flap reconstruction. While others have reported less favorable 
speech and swallow outcomes [12, 20], it is difficult to pinpoint with precision the 
expected outcome as the location of certain defects, such as glossectomy or anterior 
mandibular resection, would pose significantly more difficult rehabilitation situa-
tions than others such as a purely lateral defect, for instance.

Extra effort is demanded of the surgeon in these cases. Measures must be taken 
to optimize the patient preoperatively as the case length will increase with each 
additional flap. Also, the surgeon must consider vessel availability carefully, and 
preservation of vessels during dissection is of paramount importance. This can be 
particularly challenging in patients who have had multiple operations or have under-
gone radiotherapy [17]. While direct end-to-end anastomosis to ipsilateral vessels 
would be preferable to most surgeons, multiple flaps often require one to look fur-
ther for adequate recipient vessels. The transverse cervical vessels are often avail-
able even in an otherwise vessel-depleted neck [21]. Cephalic vein transposition and 
the internal mammary vessels may also be considered depending on the length of 
the vascular pedicle [22]. Of course, vein grafting is also available as a means to 
achieve greater vessel length but has the attendant risk of thrombosis as well as 
increased operative time.

In the absence of sufficient available vessels for two sets of anastomoses, serial 
flaps with end-to-end anastomosis can be performed. The principles of such flow-
through techniques were originally described by Soutar et al. [14], and his method 
has been modified with success in reperfusion of extremities as well as for serial 
flaps [15, 16]. This option does have the drawback, however, of the possibility for 
total loss of the entire reconstructive complex [17].

Another alternative is to make use of one or two pedicled flaps in place of either 
free flap, thus obviating the need for a second anastomosis [29]. For instance, in 
Case 4 this patient had a recurrent basal cell carcinoma which required resection of 
the anterior maxilla, upper lip, and nose (Fig. 12.4a–f). The defect was reconstructed 
using a combination of radial forearm free flap plus a paramedian forehead flap. The 
forearm restored the anterior maxilla and upper lip while the paramedian forehead 
flap went to reconstruct the external nose.

The benefit of utilizing a pedicled flap as opposed to a second free flap is not 
limited only to the decreased complexity. Color match tends to be better when using 
local or adjacent tissue, a characteristic of local flaps that lends itself to better 
esthetic outcomes [19]. Useful applications include, but are not limited to, cervico-
facial or cervicopectoral flaps as well as cheek advancement flaps and paramedian 
forehead flap. Of course, there are also limitations to these methods. While a single 
free flap has relative freedom of geometry for insetting, the accompanying locore-
gional flap will not have the same flexibility. Inappropriate application of a pedicled 
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Case 4

a b

c d

e
f

Fig. 12.4  (a) Case 4 demonstrates a long neglected basal cell carcinoma of the upper lip, 
maxilla, and nose. (b) This image demonstrates use of a paper template for planning of the 
anticipated forearm flap. The template is bent in order to accommodate both the skin and 
mucosal layers. (c) Patient shown after completion of a large, multiunit resection including 
subtotal rhinectomy and upper lip and anterior maxillectomy. (d) Drawing of template 
transfer to the left forearm with recipient site anatomy drawn for reference. (e) Patient 
shown after insetting and anastomosis of the forearm flap. The nasal floor, upper lip, and 
anterior maxilla have been reconstructed. Now paramedian forehead flap is marked out for 
reconstruction of the external nose. (f) Case 4 shown after insetting of the paramedian 
forehead flap. This case demonstrates the use of a free flap plus pedicled flap
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flap in the presence of a free flap has the risk of placing too much tension or bulk on 
the reconstruction just as one would expect it would for a single-unit reconstruction. 
These risks should be met with added attention in multiunit situations, however, as 
breakdown in one flap can lead to failure of the other.

Case 5 demonstrates the use of two regional flaps for repair of a full-thickness 
defect of the cheek secondary to resection of a squamous cell carcinoma (Fig. 12.5a–
e). This is an 86-year-old female with numerous medical comorbidities who had a 
buccal squamous cell carcinoma with invasion of the right mandibular body. This 
case demonstrates that by making use of regional alternatives rather than free tissue 
transfer, a shorter operating time and length of hospital stay can be achieved without 
compromising the esthetic outcomes. In her case, an ipsilateral myocutaneous pec-
toralis major flap was used for the mucosal layer, and a cervicofacial flap was used 
to reconstruct the skin. The mandible was reconstructed with a simple reconstruc-
tion plate rather than osseous reconstruction. In considering tailored treatment 
options for each patient’s needs, it is important that the reconstructive surgeon 
remembers traditional techniques such as these.

12.3	 �Chimeric Flaps

Putting aside the use of multiple flaps to reconstruct multiunit defects of the head 
and neck, chimeric flaps are a good source of alternative methods to accomplish the 
same goals. Hallock defined chimeric flaps in 1991 as a type of compound flap in 
which several separate tissue paddles, whether of a single or multiple tissue types, 
are able to be moved and rotated independently of each other and are together nour-
ished by a single parent vessel [23]. This is in contradistinction to composite flaps, 
another type of compound flap, which transfers multiple tissue types on the same 
flap that is interdependent and thus cannot be freely oriented in an independent 
manner [24]. The original name for the chimeric flap was borrowed from the Greek 
mythological monster “chimera” which had the head of a lion, the body of a goat, 
and the tail of a serpent.

The angiosome concept as described by Taylor and Palmer provide the basis for 
chimeric flaps [25, 26]. This concept states that the body is divided into individual 
territories known as angiosomes which share a common blood supply. In concept, 
at least, one would be able to create a chimeric flap based upon the branches and 
perforator vessels to any tissue type within any of the 40 described angiosomes. 
Thus the variety of flaps that can be created are limited only by the surgeon’s cre-
ativity and morbidity of a given donor site.

Because of this, a great many chimeric flaps have been described for reconstruc-
tion of the head and neck region as well as other parts of the body. Huang et al. 
provide a relatively simple classification which breaks down chimeric flaps into 
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Case 5

a b

c d
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Fig. 12.5  (a) Case 5 is an 86-year-old female with a buccal mucosal squamous cell carci-
noma with cutaneous involvement. Shown here with resection marked as well as the antici-
pated cervicofacial and pectoralis major myocutaneous flap. (b) Patient shown after 
resection including segmental mandibulectomy and ipsilateral neck dissection. The cervi-
cofacial flap has been elevated in continuity with the neck dissection. (c) Image showing 
elevation of the pectoralis myocutaneous flap. A heavy titanium plate has been used for the 
mandibular continuity defect given the patient’s compromised medical status. (d) Closure 
showing advancement of the cutaneous flap into the defect. Good color match is an advan-
tage of this technique. (e) Intraoral image of Case 5 with insetting of the pectoralis flap
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three basic types: branch based, perforator based, and microsurgically prefabricated 
[27]. The branch-based variety has large, direct branches off the vascular pedicle to 
each component part of the flap. These include some of the most common sources 
of microvascular free flaps for use in the head and neck such as the subscapular 
system and lateral femoral circumflex system. The perforator-based chimeric flaps 
are based off of separate cutaneous perforator vessels. These are smaller and more 
variable than the flaps seen in the branch-based category. Examples would include 
anterolateral thigh chimeric flap based off multiple perforators or those based upon 
lateral leg perforators or even those arising from the thoracodorsal artery. Finally, 
the Huang classification includes prefabricated chimeric flaps which are comprised 
of two separate free flaps with an additional microvascular anastomosis from one to 
another using either a side chain or end branch in flow-through fashion. While this 
does technically create a type of compound flap, it is often considered in the same 
category as a two-flap reconstruction since it requires an additional anastomosis and 
second donor site. Thus many of the advantages inherent in the chimeric flaps are 
given up.

The advantages of chimeric flap reconstruction are multiple especially for the 
types of complex defects present in the multiunit situation. Foremost is the avail-
ability of multiple tissue components that can be inset independently into a site of 
difficult three-dimensional geometry. Much like using multiple flaps, this is enor-
mously beneficial when multiple layers or tissue types need reconstruction. Two 
independent skin paddles, for example, could more easily be used to reconstitute 
both the skin and mucosal lining in a full-thickness type of defect than simply fold-
ing a traditional fasciocutaneous flap [28]. Moreover, the surgeon can achieve these 
benefits without the need for a second anastomosis as all of the individual compo-
nents share a common vascular supply. This can be a major advantage in the vessel-
depleted neck. A chimeric flap also limits the number of donor sites to one as 
opposed to a multi-flap reconstruction, which should reduce morbidity, assuming all 
else is equal.

On the other hand, there are downsides to the use of the chimeric flap. First is the 
fact that with increasing complexity of the flap due to numerous pedicles, the num-
ber of angles and turns of vessels increases. Because each individual component is 
inset with its own orientation, the risk of twisting or kinking one of them is mean-
ingful and requires precise planning and careful attention. Also, in a multiunit 
reconstruction such as may involve sites separated in space, the individual branches 
must accommodate not only the reach of the individual tissue component to its 
planned inset location but also maintain enough of the main vascular pedicle to 
reach the recipient vessels. Depending on the patient, this can be a more complex 
situation than using multiple flaps each with their own pedicle and anastomosis. 
Also, because the chimeric flaps in the multiunit reconstruction will usually be of 
considerable size, a second venous anastomosis may be indicated which partially 
offsets some of the benefit of a single vascular pedicle [30]. Anatomic variability is 
a concern for certain of the flaps, particularly those that rely upon well-spaced per-
forator vessels as these types of flaps are known to have greater variability. Finally, 
though one donor site would generally be considered to have lower morbidity than 
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multiple – it is possible that those single donor flaps that demand too much volume 
could leave a patient with greater morbidity than might be accomplished with two 
smaller flaps from separate sites.

As mentioned previously, the options available within the realm of chimeric flaps 
are many. For the head and neck reconstruction, there are several more commonly 
used options that are worth mentioning. First, the subscapular system is a robust 
source for a number of flap designs. Flaps that can be harvested from the region 
include the scapula, parascapular, serratus, and latissimus dorsi with all of their 
variations. This system is unique in that it allows one or two bone flaps, if the angu-
lar artery is used for scapular angle, plus multiple soft tissue paddles comprised of 
muscle and/or skin by making use of the thoracodorsal and circumflex scapular 
vessels and their branches. The anatomy of the region was first described by Saijo 
in 1978 [31] who suggested it may be a potential donor site. With the circumflex 
scapular and thoracodorsal arteries each contributing multiple branches to the bone, 
muscle, and skin distributions that can be individually raised, it was a likely source 
for chimeric transfers. Gilbert performed the first free flap of the scapula [32]. Since 
then, a significant number of modifications and uses have been described for both 
oromandibular and maxillofacial defects [33–35]. The sheer variety of flap compo-
sitions as well as the unimpeded ability to ambulate even in patients with poor 
baseline function make this a valuable piece of the surgeon’s armamentarium. 
Specifics of harvest technique of the scapular flap are discussed in depth in other 
portions of this text.

Other common donor sites for chimeric flaps of the head and neck include the 
anterolateral thigh from the lateral femoral circumflex vessels and variations of the 
fibula flap using branches of the peroneal vessels. The anterolateral thigh flap was 
described originally by Song et al. [36]. Further refinements of the anatomy have 
revealed that suitable perforators are available to elevate multiple skin paddles in at 
least 84 % of flaps as dictated by their takeoff from the main vessel. This is based 
upon the work of Kimata et al. [37]. This flap can also be raised with muscular cuff 
of vastus lateralis or rectus femoris by maintaining muscular perforators as well as 
the potential to include vastus lateralis [38]. As such this flap can be used for a wide 
range of reconstructions including large scalp and facial defects and full-thickness 
oromandibular, glossectomy, and combined orbitomaxillary and skull base defects. 
Despite the benefits of ample size and low donor-site morbidity, the surgeon must 
be prepared with alternative plans for reconstruction given the low, but not insignifi-
cant, chance that the perforator pattern is not consistent with the needs of the 
reconstruction.

Likewise, the peroneal system, also a very common part of the reconstructive 
repertoire in the head and neck, provides options for chimeric design. Since 
Hidalgo originally described the fibula flap for mandibular reconstruction, our 
understanding of the associated perforasome anatomy has advanced significantly 
[39]. Work by Wei et al. confirmed the predictable presence of multiple cutaneous 
perforators which are the basis for multi-skin paddle fibula flaps [40, 41]. In addi-
tion, Wong described the presence of constant muscular perforators proximally 
which allow for hemisoleus inclusion as an additional soft tissue component [42]. 
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As fibula flap harvest is a familiar technique to most microvascular surgeons who 
manage head and neck defects, the option to include multiple skin and muscle in 
a chimeric arrangement is valuable for complex defects. Donor-site morbidity is 
low, the quality and quantity of bone are good, and the vascular pedicle is usually 
long. One potential difficulty with fibula flap chimeric flaps is the fact that each 
perforator is short and they are linearly arranged off the peroneal artery, charac-
teristics that limit the freedom of geometry that may be desired in a multiunit 
scenario.

12.4	 �Virtual Surgical Planning

Any reconstructive procedure requires detailed planning in order to provide precise 
and predictable outcomes, and this is even more critical in large or multiple unit 
defects. Advanced imaging and the increasingly available three-dimensional surgi-
cal planning software are very useful adjuncts that can be used to translate a surgical 
plan into the actual execution in the operating room. Not only does the virtual surgi-
cal planning aid in visualization, surgical cutting guides for donor and recipient 
sites as well as prefabricated reconstruction plates can aid in predictability [43, 44]. 
The use of this technology results in high accuracy. Roser and Ramachandra showed 
accuracy of the fibular and mandibular osteotomies to be within 1.3 and 2 mm of the 
planned sites with volumetric predictability of the fibular segments of approxi-
mately 90 % [45]. Additionally, work by Hanasono suggests that significant time 
benefit can be achieved in terms of overall operating time while confirming a high 
degree of accuracy [46].

The benefits ascribed to virtual planning are particularly salient when it comes to 
multiunit reconstruction. When large defects are present, the surgeon is challenged 
with loss of reference points upon which to base the reconstruction. Orienting the 
bone flap and appropriately contouring the reconstruction plate in the absence of a 
reliable reference frame can be frustrating even for the most experienced recon-
structive surgeon. An illustrative case is Case 6. This is a 76-year-old female with a 
history of oropharyngeal carcinoma treated with external beam radiation over 10 
years prior. She presented with stage three osteoradionecrosis of the mandible with 
involvement from ramus to ramus seeking surgical management. She had previ-
ously been treated for ORN of the right mandibular body with resection and place-
ment of reconstruction plate without osseous reconstruction. Virtual surgical 
planning was used to design osteotomies extending from the left subcondylar region 
with disarticulation on the right side. Patient-specific fibula based on her CTA was 
used to plan bilateral fibula flaps as she had inadequate bone length for single-flap 
reconstruction. A flow-through flap design was used with anastomosis to the left 
facial artery and common facial vein. In order to aid with the reconstruction, cutting 
guides were planned along with a prebent reconstruction plate. The virtual planning 
images of these are shown below (Fig. 12.6a–e).
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Case 6

Fig. 12.6  (a) Case 6 is a 76-year-old female with recurrent ORN of the entire mandible. 
Image (a) shows anticipated resection based on the virtual surgical planning. (b) Patient-
specific fibula imaging showing length and location of osteotomy sites. She required two 
fibula flaps as she did not have adequate length with only one. (c) Example of the planned 
fibula cutting guides which would be used on the left fibula with anticipation to bring this 
flap to the right mandible. The cutting guides help to ensure that the virtual plan is carried 
out precisely in the operating room. (d) Anticipated fibula reconstruction of the mandible. 
The pink/purple segments represent the left fibula and the green/blue the right. The two 
flaps were connected with a flow-through style design. (e) A prebend reconstruction plate 
is designed and shown here
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Fig. 12.6  (continued) 
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13Computer-Assisted Head and Neck 
Oncologic Surgery

Majeed Rana and André M. Eckardt

13.1	 �Summary

Over the past years, computer-assisted surgery has gained more importance in cranio-
maxillofacial surgery, especially in primary and secondary reconstruction of head and 
neck ablative defects. The clinical application of 3D imaging for head and neck 
tumors has been facilitated through advances in image analysis and computer technol-
ogy. Basic requirements for oncologic treatment in the head and neck region include 
detailed imaging studies using computed tomography (CT), cone beam computed 
tomography (CBCT) or magnetic resonance imaging (MRI), data transfer to specific 
3D image analysis platforms, and the integrated use of specific computer-assisted 
infrared-based navigation systems. These techniques allow for a preplanned image-
guided path to the particular tumor region for taking biopsies, resection, or reconstruc-
tion. This chapter will focus on four categories for oncologic surgical procedures in 
which computer-assisted surgery has been increasingly used in recent years:

	1.	 Preplanned trajectorial-guided tumor biopsy
	2.	 Intraoperative image-controlled tumor resection
	3.	 Virtual 3D tumor mapping
	4.	 Reconstruction after ablative tumor surgery (true to original)

Image-guided navigation technique for head and neck oncologic surgery pro-
vides a precise, safe surgical method with excellent real-time anatomic orientation. 
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Regarding the advantages of computer-assisted surgery, this technique will play a 
major part in craniomaxillofacial reconstructive surgery and will address wide-
spread general methodological solutions which are of great interest in multidisci-
plinary oncologic treatment of head and neck tumors.

13.2	 �Background

13.2.1	 �Historical Evolution

In 1908 Horsley and Clarke initially introduced intraoperative planning in neurosur-
gery based on X-ray pictures with the use of stereotactic systems [1]. These stereo-
tactic systems used head frames rigidly fixed to the patient’s skull and maintained in 
a constant position during image data acquisition and the whole surgical procedure. 
This method of frame-based stereotaxy is based on a stereotactic atlas used to assign 
coordinates of intracranial structures to external structures. With the introduction of 
modern imaging techniques, CT- or MRI-guided stereotactic surgery started with 
modified conventional stereotactic instruments [2, 3] and later evolved through the 
development of specialized instrumentation [4, 5]. These modern imaging tech-
niques allowed for a more precise analysis of the individual patient’s morphology. 
In consequence, stereotactic atlases became less important. Frame-based stereotaxy 
carries several disadvantages such as unreliable determination of the position of the 
surgical instrument, restriction of the operative field due to the complicated frame 
assembly, and the frame incompatibility with CT scanning due to artifacts [6, 7].

Watanabe et al. introduced computer-assisted surgery using frameless stereotaxy 
to neurosurgery in 1987 [8]. Such neuronavigation technique allowed for selective 
intraoperative localization of anatomical structures based on CT or MRI data sets 
acquired before surgery. The navigation system and instruments consisted of an 
articulated mechanical arm linked to a computer workstation. The first commercially 
available mechanical navigation system that was introduced in 1993 to routine clini-
cal use was the Viewing Wand system (ISG Technologies, Toronto, Ontario, Canada) 
[9, 10]. Although widely used since 1993 in neurosurgery, head and neck surgery, 
and craniomaxillofacial surgery, the system had its limitations due to the mechanical 
coupling of an arm-guided navigation thereby restricting its use in difficult-to-reach 
areas of the skull base and other head and neck sites [11–13]. Consequently innova-
tive systems using ultrasound-based and electromagnetic navigation systems were 
developed. A major drawback of electromagnetic systems was their variable stability 
of the magnetic field, distortion of the magnetic field through metallic objects, and 
their limited accuracy [14–16]. Mainly due to the lack of intraoperative accuracy, 
ultrasound-based navigation systems have hardly been used commercially at all [17].

Nowadays, because of their high technical precision and accuracy, optical 
instrument-based navigation systems are widely used. Heilbrunn et al. introduced 
the first optical instrument-based navigation system in 1992 [18], and other systems 
with some modifications followed. These navigation systems follow the principle of 
instrument tracking by detection of light-emitting diodes (LEDs) through infrared 

M. Rana and A.M. Eckardt



281

cameras and offer the advantage of a high technical precision and accuracy in the 
range of 0.1–0.4 mm [19]. Infrared-based optical navigation systems are increas-
ingly used and are becoming standard for intraoperative navigation in neurosurgery, 
head and neck surgery, and craniomaxillofacial surgery as well [20–24].

13.2.2	 �Current Clinical Use of Computer-Assisted Surgery 
and Future Perspectives

Oncologic head and neck treatment profits more and more from interdisciplinary 
exchange of information and conferences; however, if it comes to therapy, mainly 
mono-disciplinary views are applied to the given information: the surgeon is resect-
ing the tumor and reconstructing the area after ablative surgery, the radiotherapist is 
planning and performing the radiotherapy, and if required, the oncologist is plan-
ning and controlling the effect of chemotherapy. Based on our knowledge, there is 
no software solution commercially available that allows to path all the needed 
voxel-based data set information through the specific therapeutic strategy. Our 
intention was to focus on a new software solution and platform generation, based on 
iPlan 3.0 (Brainlab®, Feldkirchen, Germany).

Advances in image analysis methods and computer-assisted surgery have 
increasingly facilitated the clinical application of three-dimensional (3D) imaging 
for head and neck tumors over the last decade [25, 26]. In order to optimize treat-
ment, computer-assisted navigation technology might be a useful tool in tumor 
resection. For adequate treatment of craniomaxillofacial tumors, a computer-
assisted analysis and planning of 3D image data like magnetic resonance imaging 
(MRI) and computed tomography (CT) are essential for tumor staging. Primary and 
secondary craniomaxillofacial reconstruction after ablative tumor surgery of the 
head and neck region, as well as reconstruction of the midface in all kinds of oral 
cancer, is a major challenge to the reconstructive surgeon [20, 21, 27]. Topographical 
considerations and the complex three-dimensional (3D) anatomy and geometry of 
the human skull and face make it difficult to reach pathological lesions localized 
close to anatomic sensitive structures. The outcome of the surgical intervention 
often depends on the surgeon’s experience and calculations and requires much more 
extensive transfacial approaches.

An ideal image-analyzing platform is required to fuse multimodal image data 
(CT, MRI) to plan resection boundaries and required safety margins and to fuse 
further 3D data for restaging. Intraoperative navigation is also useful in monitoring 
for tumor recurrence in oncological follow-ups [25]. Furthermore, there is a demand 
for planning tools for reconstruction and manufacturing of patient-specific implants 
(PSI). However, different methods of computer-assisted navigation surgery for 
tumor resection or tumor biopsy have been specified like computer-assisted endo-
scopic approach [24, 28] or image-guided neurosurgical navigation [29, 30]. These 
techniques have shown variable accuracy and success and can be considered as 
partial solutions [24, 28–30]. Still, these techniques are difficult to perform in a 
daily routine, and additionally, there is a margin of diagnostic error due to scarcity 
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of harvested material. Some methods are described to use intraoperative CT, which 
are able to provide intraoperatively imaging [31, 32]. Unfortunately these systems 
are very expensive. Most of the application devices use virtual segmentation by 
thresholding to achieve a volumetric facial skeleton with an untextured 3D facial 
soft tissue surface. However, currently great efforts are required to virtually segment 
the tumor manually and thus to achieve individually adjustable tumor compounds. 
Only a few authors report that it was possible to outline safety margins preopera-
tively and to perform reconstructions exactly as virtually planned [28, 33, 34]. There 
is a tremendous demand for proper visualization of certain anatomical structures in 
soft and hard tissues. Therefore most systems are not proved to offer a more precise 
surgical resection of tumor boundaries. Meanwhile some of them enable also a 
combination of intraoperative MRI with integrated navigation system for planning 
tumor resection [35]. However, the clinical routine suffers from a poor handling and 
an insufficient workflow. The crucial disadvantage is the inaccurate visualization of 
the segmented tumor and a manual or three-point image fusion system to fuse MRI, 
CT, and PET-CT Digital Imaging and Communication in Medicine (DICOM) data. 
Since these systems do not represent a complete 3D planning and navigation soft-
ware, they have to be supplemented by additional software tools and hardware 
devices. In consequence, the handling of these systems is of experimental nature, 
and the precise localization, segmentation, and image fusion of the 3D (voxel-
based) tumor position and size are still a challenge. The most promising method of 
image-guided navigation system iPlan 3.0 (Brainlab®, Feldkirchen, Germany) 
allows for segmentation of the tumor area, virtual planning of the tumor resection, 
and biopsy for the diagnosis of lesions. This system may offer an alternative, less 
traumatic approach to these tumors, as well as to lesions invading the orbita. iPlan 
3.0 (Brainlab®) provides a specific language-independent multidisciplinary tool to 
provide intraoperative collected data (tumor landmarks) to the surgeon, oncologist, 
radiation oncologist, pathologist, and radiologist.

The purpose of this work was to develop, establish, and clinically evaluate a 
novel, user-friendly, 3D planning, and navigation software solution for treatment of 
craniofacial tumors based on advanced autosegmentation and automatically image 
fusion algorithms and an excellent volume rendering.

13.3	 �Technical Procedures and Workflow

13.3.1	 �Preoperative Imaging and Planning

As a basis for tumor treatment planning, CT and MRI images of a patient were 
recorded, whereas the MRI data set was used to identify the tumor tissue and the CT 
data set to define and visualize the patient’s bony anatomy. During the acquisition 
of the CT data, either four surgically inserted navigation landmarks (bony land-
marks, 2.0 cross-drive titanium miniscrews, or an individual dental splint with addi-
tional titanium screws [25]) (Fig. 13.1a) were used for registration of the individual 
patient. These screws were used as registration points during planning and surgery.

M. Rana and A.M. Eckardt



283

The resulting DICOM data of the patient’s anatomy was imported into the plan-
ning application (iPlan 3.0, Brainlab®, Feldkirchen, Germany). To understand the 
clinical situation, a symmetric view of the data and its 3D reconstruction is neces-
sary for further planning; therefore, CT slice is oriented according to the Frankfort 
horizontal and midsagittal (FHMS) planes in all dimensions (axial, coronal, and 
sagittal).

After that alignment, both image data sets (CT and MRI) were co-registered by 
a so-called image fusion, a surface and voxel-based matching method, to have the 
whole multimodal information available within the previously adjusted alignment. 
This method of multimodal rigid image registration is based on mutual information, 
using features like multi-resolution, intensity rebinning, and parameter space 
scaling.

Similar to this co-registration of data sets, a registration of the real patient with 
its virtual data set was required during surgery later on. For that registration, refer-
ence points like anatomical landmarks could be defined during the planning proce-
dure, whereas the CT data is preferred to set such landmarks. Instead of using 
anatomical reference points, a dental splint with additional titanium screws was 
used, as previously described. A method like this provides unobtrusive, rigid, and 

a b

c d

Fig. 13.1  (a) Individual dental splint with additional four titanium screws used as registration 
points during surgery. (b) Intraoral view of a biopsy with a forceps. (c) Forceps equipped with 
passive infrared markers, which could be captured by the camera. (d) Setup of a navigation-
assisted operation
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exact landmarks which are clearly visible on virtual data sets (CT images) as well 
as during a navigation procedure, as no surgical preparation is needed to reach those 
screws. Registration points are then planned virtually on the screw heads within the 
dental splint.

After all necessary preplanning steps have been finalized, the anatomical struc-
tures and the target tumor tissue were segmented out of the image sets. For particu-
lar anatomical structures, an automatic atlas-based algorithm was used. The central 
task of such an algorithm is to find the one-to-one correspondence between a 
patient’s data set and an atlas data set that defines correct and verified anatomical 
templates. The structures are segmented automatically by an elastic deformation of 
the templates to match with the patient’s anatomy. Given this algorithm, not only 
bone structures but anatomical regions like the orbit could be segmented and used 
for further surgical reconstruction planning. As a result of that procedure, we have 
received all necessary anatomical structures in the area of interest for the tumor 
resection or biopsy as 3D segmented objects. The tumor shape was outlined manu-
ally after using different software tools such as brushing, as a tumor is not automati-
cally recognized and segmented within a patient’s anatomy. According to this 
planning step, we have received clearly defined anatomical representations of the 
patient’s anatomy together with a target region at the tumor position for resection or 
taking the biopsies. To ensure to reach the exact positions for the target, additional 
trajectories were planned starting at the exit point of anatomical landmarks or 
screws and defining a path along the midface or orbital roof directly to the tumor 
region. Those trajectories could be referenced and used for navigation during sur-
gery as well. All preplanned virtual patient data, objects, and trajectories were trans-
ferred to an image-guided surgery system (“navigation system”).

13.3.2	 �Intraoperative Infrared-Based Navigation

Before surgery, the patients were fixed in the “Mayfield Clamp” or a mini tripod 
“Skull Reference Base” with three trackable spheres, fixed with a single titanium 
miniscrew on the patient’s skull, to identify the exact position and orientation of the 
patient. Intraoperative accuracy was checked using at least four precise “navigation 
landmarks.” Infrared-based navigation system (Kolibri-Brainlab®) was used 
intraoperatively.

By using a stereoscopic infrared camera, such a system is able to reference a 
“real-world patient’s” position with its planned virtual data and further to track and 
display instrument positions in real time. For that, the patient as well as any instru-
ment needs to be equipped with passive infrared markers, which could be captured 
by the camera. This specific technique also enables the surgeon to guide the tip of 
any tracked surgical tool (forceps, drill, chisel, and endoscope) or to localize the 
focus of a surgical microscope (Fig. 13.1b, c). The patient position and anatomy 
were registered to the preplanned data by inserting the patient with navigational 
landmarks, like the abovementioned dental splint, and by pointing the screw heads 
within according to their preplanned positions. During surgery, the position of the 
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navigation tip was monitored in real time to ensure that the tumor resection or 
biopsy is exactly at the desired position according to the preoperative virtual plan-
ning. Additionally intraoperative landmarks were recorded (acquired) and a “screen-
shot” was done at every biopsy position or safety margins (Fig. 13.1d). These points 
(tumor cloud) were transferred to the virtual plan after surgery and helped to iden-
tify and define the exact positions of the tumor resection at any time later on.

13.3.3	 �Postprocessing of the Data Set

The acquired intraoperative landmarks were postoperatively added to the virtual 
plan. After final release of the histological findings, the individual points were color-
coded according to their classification (benign/malignant). Visualization now allows 
for an optimized three-dimensional information about potential residual tumor.

13.3.4	 �Export of the Data Set

The DICOM format is a standard for transmitting information in medical imaging 
and was developed by the DICOM Standards Committee. With iPlan 4.0 beta (not 
released yet), the acquired point cloud could be written into the patient’s DICOM 
data set. The authors selected only the points with tumor-positive histology. These 
points (voxel) were allocated with Hounsfield unit of 3500 H. This value is far out 
of the traditional highest range of around 3100 H and makes manipulation to the 
original DICOM data set obviously and fast segmentation of the point cloud by 
using threshold values possible.

13.3.5	 �Import into the Radiation Therapy Simulation Platform

The thus enhanced DICOM data set (enDICOM) could be imported in any radiation 
therapy planning platform. The described enDICOM was routinely imported with the 
Oncentra MasterPlan (Version 3.3, Nucletron, Netherlands/USA) and superimposed 
with the postoperative CT scan. The well-defined high Hounsfield unit of the selected 
points facilitates segmentation and visualization of the additional intraoperative infor-
mation and could be used to plan the geometric and radiological aspects of the therapy.

13.3.6	 �Surgical Procedures Using Computer-Assisted Oncologic 
Surgery

13.3.6.1  �Preplanned Trajectorial-Guided Tumor Biopsy
Intraorbital space-occupying lesions always pose a challenge both in terms of definite 
surgical removal and of preoperative tissue sampling for histopathological examination 
[36]. The following case illustrates the advantages of the preplanned trajectorial-guided 
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algorithm. A 59-year-old female with an unknown orbital tumor left, described in MRI, 
was presented in our department with proptosis, pain, and exophthalmos. To assure the 
diagnosis, trajectorial-guided biopsy was performed (Fig. 13.2a, c).

For the biopsy procedure, the preplanned trajectories defining the path to the 
tumor region were used (Fig. 13.2b, d). To ensure reaching the exact positions for 
the target, additional trajectories were planned starting at the exit point of the left 
infraorbital nerve. An “auto-pilot” feature was implemented to find the correct entry 
point as well as to adjust the correct direction of the forceps (Fig. 13.2d). This fea-
ture displays the deviation from a desired path in all spatial directions to ensure to 
follow a planned track as accurate as possible. The position of the forceps was 
monitored in real time in the meantime to ensure to take a biopsy at its exact ana-
tomical position and depth within the orbit. These points were acquired intraopera-
tively and transferred to the virtual plan after surgery. The tumor region was 
approached and a representative biopsy was taken. The pathology report confirmed 
the diagnosis of a lymphoma.

a b

c d

Fig. 13.2  (a) Fronto-caudal view of a 59-year-old female with an unknown orbital tumor and a 
severe exophthalmos left. (b) Display of the MRI data set in the axial view; the area to be biopsied 
was marked preoperatively (brown) and can be identified intraoperatively in the multiplanar dis-
play of the MRI data set; four preplanned trajectories are marked (blue). (c) Transconjunctival 
approach after incision. (d) Navigation-assisted exploration of the orbital cavity. The tip is pointing 
the tumor (green), which is displayed in the multiplanar mode (axial, sagittal, and coronal); an 
auto-pilot feature displays the deviation from a desired path in all spatial directions to ensure to 
follow a planned track
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13.3.6.2  �Intraoperative Image-Controlled Tumor Resection
In head and neck oncologic surgery, complete resection and analysis of resec-
tion margins are fundamental. Navigation techniques define resection margins 
more accurately and facilitate complete tumor removal by preserving vital 
structures [37]. Modern imaging systems fusing DICOM data (MRI/CT/
PET-CT) are used in some clinical institutions and are able to demonstrate 
tumor volume end extension with higher precision than previously [38, 39]. 
However, even with this combined imaging modality, the intraoperative evalua-
tion of the distance between the resection margins and the tumor margin remains 
a challenge in oncologic surgery [40].

An 81-year-old male with a residual T4a squamous cell carcinoma (SCC) of the 
upper lip was presented in our department after tumor resection and radiochemo-
therapy twice alio loco (Fig. 13.3a) Due to radiation, there was a lack of soft tissue 
coverage of the left cheek (Fig. 13.3b). After the preplanned image-guided tumor 
resection, the defect was navigated with the pointer, and the distance between resec-
tion margins and the 3D image of the tumor image on the CT was controlled in 
every direction (Fig. 13.4a). This “safety margin” was created automatically after 
the segmentation of tumor (Fig. 13.4a). By detection of inadequate distance, addi-
tional resection was performed and intraoperative landmarks were recorded 
(Fig. 13.4b). The resected tumor was presented to the pathologist, who confirmed 
tumor-free margins (Fig.  13.4c). Soft tissue reconstruction was achieved with a 
latissimus dorsi flap (Fig.  13.4d). 3D (voxel-based) data set allows to judge the 

a b

Fig. 13.3  (a) Frontal view of an 81-year-old male with a residual T4a squamous cell carcinoma 
(SCC) of the upper lip after tumor resection and radiochemotherapy alio loco. (b) Lateral view 
demonstrates the lack of soft tissue coverage
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extension of head and neck tumor macroscopically. Preoperatively, the tumor shape 
and margins can be outlined manually after using different software tools, such as 
brushing. A major problem during tumor resection (without navigation) is to name 
and exactly allocate the anatomical 3D position of specimens. Advantage of intra-
operative navigation is not only to plan tumor resection margin but also the defini-
tive marking and mapping of frozen sections. These data could be stored and 
transferred in DICOM format to communicate patient’s specific tumor information 
(invasion to vessels, nerves, skull base, non-resectable tumor) to the oncologist, 
radiation oncologist, and pathologist for further oncologic treatment.

13.3.7	 �Virtual 3D Tumor Marking: Exact Intraoperative 
Coordinate Mapping

Three of the most challenging interfaces in oncologic treatment in head and neck 
cancer exist between surgeon and pathologist just as between surgeon and radio-
therapist and/or oncologist. The former interface is relevant to hopefully confirm the 
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Fig. 13.4  (a) The area to be resected was marked preoperatively (brown) and can be identified 
intraoperatively in the multiplanar display of the CT data set planned track. (b) Navigation-assisted 
control of tumor margin. The tip is pointing the tumor (green), which is displayed in the multiplanar 
mode (axial, sagittal, and coronal), intraoperative landmarks acquired at every biopsy. (c) Resected 
tumor of the left cheek. (d) Fronto-lateral view after reconstruction with a latissimus dorsi flap
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achieved complete resection (R0 resection) which is especially difficult due to the 
complex anatomy of the head and neck region. The recording and naming of frozen 
sections or resection margins do often not allow for later well-defined three-
dimensional (3D) orientation. Due to this 3D complexity in between written words 
and the real location of the malignant lesion, pathologists are not able to rule out 
residual tumor without consultation of the surgeon, who sometimes has to stitch 
more to his personal memory than to reliable recorded information.

If there is an indication for adjuvant radiation therapy, such as minimal tumor 
residuals (R1 resection), the same problem discounts for radiation therapy planning 
to be challenging: the radiotherapist could not gain access to reliable intraoperative 
information and uses mainly the results of the histological findings, the operation 
protocol, and the postoperative computed tomography (CT scan) for the simulation 
planning.

In summary, histopathological findings should be ideally three-dimensionally 
mapped, and information should be without loss and ideally language-independent 
digitally stored, to improve the interdisciplinary interface for the benefit of the 
patient.

Computer-assisted preoperative planning (CAPP) is commonly used in intraop-
erative visualization and reconstruction in ablative surgery of the head and neck. 
Therefore, multimodal three-dimensional imaging could be matched to outline 
tumor dimensions and demonstrate virtually augmented surgical margins. The 
minor additional expenses to enable intraoperative navigation ease anatomical ori-
entation and true-to-original reconstruction after ablative surgery. These data could 
be saved in DICOM format (Digital Imaging and Communication in Medicine) and 
transferred to pathologists and radiotherapists.

The workflow of virtual 3D marking including preparation, intraoperative set-
ting, and postoperative postprocessing is described and illustrated.

A 79-year-old male with a primary T4a adenoid cystic carcinoma (ACC) of the 
maxillary sinus and nasal cavity with extension to the infratemporal fossa was planned 
for ablative tumor surgery. After tumor resection, the position of the forceps was mon-
itored to take specimens from the tumor margin. Additionally, intraoperative land-
marks were acquired and a “screenshot” was done at every biopsy. These points 
(tumor cloud) were transferred to the virtual plan after surgery and helped to identify 
and define the exact positions of the resection. The specimen showed a margin 
between tumor and resection of less than 2 mm and positive nodes in the neck dissec-
tion were detected in the histopathological report. Unfortunately the specimen col-
lected from the periosteum at the entry of the internal carotid artery in the skull base 
was positive for tumor infiltration; additional resection was not possible. The intraop-
erative collected data (tumor cloud) were then forwarded to the radiation oncologist to 
plan adjuvant radiotherapy. In this manner, the radiotherapy field can be monitored to 
the postoperative anatomic topography (Fig. 13.5). The novel method of intraopera-
tive marking of specimen either frozen sections or surgical margins eases the storage 
and further use of intraoperative information. In the field of craniomaxillofacial sur-
gery, indications for this technique are at the moment limited to tumor locations close 
to hard tissue. But this technique is well used by tumors close to the liver, pancreas, 
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and adrenal. The more frequently head and neck malignancies affect the mandible, 
floor of the mouth, and tongue. These locations do not allow for the described method. 
An adequate soft tissue navigation would be a necessary precondition. Currently, 
assessing resection margins intraoperatively is possible by means of frozen sections. 
If positive, they can be a guide to additional resection, but when negative, they add no 
information about the distance from the tumor of the margin.

13.3.8	 �Reconstruction After Ablative Tumor Surgery (True 
to Original)

Loss of hard and soft tissue structures of the midface due to tumor resection is asso-
ciated with substantial, functional, and aesthetic deficits [41]. Computer-aided 
design/modeling (CAD/CAM) software that allows “mirroring” planning coupled 
to navigation systems has dramatically improved surgical strategies in reconstruc-
tive surgery of the craniomaxillofacial skeleton, particularly with respect to the pre-
diction of suitable symmetric bone repositioning [22, 42, 43].

A well-established procedure of our institution is demonstrated in a 57-year-old 
female with a primary T2 squamous cell carcinoma (SCC) of the left maxillary sinus 
(Fig. 13.6a), in which titanium meshes are customized for individual defect situations 
using computer-assisted techniques in combination with primary soft tissue transfer. A 

Fig. 13.5  Multiplanar mode (axial, sagittal, and coronal) with intraoperative landmarks acquired 
at every biopsy; these points (tumor cloud) were transferred to the virtual plan after surgery and 
helped to identify and define the exact positions of the resection; intraoperative landmark (violet) 
is marked as a minimal tumor residual (R1 resection). This virtually marked DICOM data was 
exported to the radio oncologist
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“safety margin” (red) was created automatically after segmentation of tumor (brown) 
(Fig. 13.6b). After all important preplanning steps for tumor resection have been final-
ized, the automatic atlas-based algorithm was used to virtually design anatomical 
region of zygoma and the orbital floor for surgical reconstruction (Fig. 13.6c). A ste-
reolithographic (STL) midfacial skull was exported and produced via rapid prototype 
modeling (Fig. 13.6d, e). The reconstruction of the orbital floor and zygoma was done 
with a prebent titanium mesh, and the correct final position of the mesh was controlled 
with the navigation system. For quality control, the postoperative data set was superim-
posed with the virtual mirrored template (blue) of the uninvolved right midface and the 
postoperative result (Fig. 13.7a, b). The correct position of the 3D orbital mesh in the 
orbital cavity was controlled in the sagittal view (Fig. 13.7c). Soft tissue reconstruction 
was achieved with a vascularized latissimus dorsi flap (Fig. 13.7d).

13.4	 �Results

Based on our current experience with 82 patients, we could demonstrate that 
computer-assisted surgery is a feasible and precise method for the treatment of head 
and neck tumors. Image-guided tumor resection and reconstruction is a 
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Fig. 13.6  (a) Frontal 3D view of a 57-year-old female with a primary T2 squamous cell carcinoma 
(SCC); the tumor is segmented (brown). (b) 3D view of the skull with a “safety margin” (red), which 
was created automatically after segmentation of tumor. (c) Virtual mirrored template (blue) created from 
the uninvolved right midface. (d) A stereolithographic (STL) midfacial skull model, produced via rapid 
prototype modeling. (e) A prebended titanium mesh for reconstruction of the zygoma and left midface
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well-established procedure at our institution for complex craniomaxillofacial 
procedures.

For all cases, image data suitable for navigation was obtained and successfully 
processed. The time needed for preoperative planning including data transfer, data 
set alignment, automatic and manual object segmentation, trajectories, and addi-
tional safety checkups took about 20 min.

Before any surgical navigation can occur, the planned anatomical landmarks or 
registration markers (fiducial markers, screw heads) must be exposed, and a point-
to-point matching registration process, including meticulous landmark checks, must 
be done. This procedure, which was performed by a resident, required about 
2–5 min, depending on the type of landmark planned. The registration of patient 
data at the navigation system using screws as fiducial markers delivered a naviga-
tion accuracy with a mean deviation of 1.3 ± 0.6 mm in our cases. Additional land-
mark checks performed from time to time during the whole surgical procedure 
revealed exceptionally high accuracy without any measurable discrepancies. The 
navigational parts of the surgery took about 20 min altogether.

In cases where intraoperative scanning has been performed, the time-out for 
image acquisition took about 10–15 min. The data transfer to the navigation system 
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Fig. 13.7  (a) Frontal 3D view of a 57-year-old female with a primary T2 squamous cell carci-
noma (SCC) after resection and reconstruction with the patient-specific implant. (b) Superimposition 
of the virtual mirrored template (blue) and the postoperative result (3D view). (c) Sagittal view 
demonstrating the correct position of the 3D orbital mesh in the orbital cavity. (d) Intraoral view 
after tumor resection and reconstruction with a latissimus dorsi flap 6 months postoperative
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including image co-registration with the planned data was performed automatically 
at a time range of 2–5 min.

The surgical time saved could not be quantified objectively. But qualitatively 
improvements were achieved in terms of better orientation within a data set, easier 
selection of biopsy positions, and faster reconstructions with an instant quality feed-
back. If postoperative data was acquired following up to the surgery, it has been 
fused with the pre- and intraoperative data for quality control and evaluation directly 
on the navigation system within 5 min. High levels of consistency between the fused 
preoperative plan and intra- as well as postoperative CT data set were seen. In addi-
tion, all data and results were transferred back to the planning system for follow-up 
inspections of the biopsy positions marked during the surgery.

13.5	 �Discussion

Many studies in oral and maxillofacial surgery have addressed the benefit of 
computer-assisted surgery in treatment of head and neck tumors [20–22, 25, 44]. A 
number of different techniques have been used for computer-assisted tumor resec-
tion or biopsy [25, 26]. In this work, we could demonstrate a new and precise 
method of preplanned trajectorial-guided tumor biopsy.

Modern imaging techniques like CT and MRI have dramatically improved onco-
logic staging in the last 20 years in the head and neck region and are able to demon-
strate with greater accuracy both the bulk and the extension of the tumor [45]. Still 
there is a demand of an ideal image-analyzing platform to fuse multimodal image 
data (CT, MRI, PET-CT) to plan oncologic treatment. Currently assessing resection 
margins intraoperatively is possible by means of frozen sections. If positive, they 
can be a guide to additional resection, but when negative, they add no information 
about the distance from the tumor of the margin [40]. Computer-assisted oncologic 
surgery increases reliability by facilitating correct safety margins and protecting 
vital structures. In addition, it increases the precision of radiotherapy planning and 
it facilitates the reconstruction process [25, 34]. For the postoperative follow-up, it 
is a useful tool to correlate and transfer the outlined tumor boundaries into various 
image data sets to capture tumor recurrences or the result of adjuvant chemo- and 
radiotherapy to improve treatment outcome and quality of life [45, 46]. Surgeons 
still have to know that the virtual segmented tumor is not a histopathological 
margin.

Reconstruction in the oral and maxillofacial region is a difficult task. Anatomical, 
functional, and aesthetic aspects have to be taken into account while performing 
reconstructive surgery [27]. Relating to our results, computer-assisted surgery using 
the automatic atlas-based algorithm is a feasible tool for surgical reconstruction. It 
segments a patient’s anatomical structures automatically and delivers specific tem-
plates for rebuilding defective regions. The additional time invested in the planning 
process is saved during surgery by an easier interpretation of the clinical situation 
and the possibility of quality control performed on the fly by real-time instrument 
tracking.
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Registration technique used in surgical treatment of head and neck tumor is a key 
element in the precision of surgical navigation [47]. So the authors recommend to 
use 2.0 cross-drive titanium miniscrews or a dental splint with additional titanium 
screws. Bony or anatomical landmarks should serve as a backup. Main aspect of 
pre-, intra-, and postoperative virtual planning is quality control of treatment strat-
egy. Future research in this area should focus on soft tissue assessment with a skin 
surface prediction based on planning data and a visualization enhanced by superim-
position of skin surface scan data (e.g., VRML data) and hard tissue (e.g., based on 
CT DICOM data). Further, an automated generation of computer-designed patient-
specific implants (PSI) should be investigated together with a guided and navigated 
implant positioning during surgery.

�Conclusions

In recent years, reports on the use of 3D preoperative planning tools together 
with intraoperative navigation in craniomaxillofacial oncologic and reconstruc-
tive surgery had been published in an increasing number. Such imaging-guided 
navigation technique for head and neck oncologic surgery provides a precise, 
controlled, safe, and minimal invasive surgical method with excellent real-time 
anatomic orientation, thereby improving the surgeon’s ability to accurately 
diagnose, plan, and perform ablative surgery as well as complex reconstructive 
surgery of craniomaxillofacial defects. Regarding the advantages of computer-
assisted surgery, this technique will continue to play a role in craniomaxillofa-
cial reconstructive surgery. However, before such technique gains further 
widespread acceptance, outcome studies as well as cost/benefit analyses are 
definitively needed.
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Minimally Invasive Techniques: 
Transoral Robotic Surgery and 
Photodynamic Therapy

Hassan Arshad

Chemoradiation is the standard at many cancer centers for the treatment of oropha-
ryngeal cancers. Transoral robotic surgery (TORS) has reintroduced surgery as a 
viable option for patients with cancers of the tonsil and tongue base. Some cancers 
that were previously resected with midline mandibulotomies are now taken out 
completely from a less invasive transoral route. TORS can be used to resect tumors 
of the tonsil, tongue base, supraglottic structures, parapharyngeal space, nasophar-
ynx, and some glottic tumors [1, 4, 9, 10, 12]. Its use in the oral cavity is limited, but 
it can be used to remove retromolar trigone tumors [5].

The robot is controlled by the surgeon sitting at a console. The console and the 
robotic camera give the surgeon a clear 3D view of the operative field. The robot has 
four working arms, three of which are typically used in head and neck surgery (two 
operative arms and one camera arm). The working arms can be mounted with cau-
tery, graspers, dissectors, or needle drivers. TORS is essentially a four-handed sur-
gery because a first assistant is required at the head of the bed (Fig. 14.1).

Advantages of TORS are many. Patients have a shorter hospital recovery time 
compared to standard open surgical techniques. Some patients may avoid the need 
for postoperative radiation and/or chemotherapy. In addition, mounting evidence 
points to better swallowing outcomes when compared to chemoradiation [6, 8]. 
Disadvantages include the cost of the robot and the learning curve involved in 
becoming proficient with TORS.
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When deciding to perform TORS, there are several considerations. Favorable 
patient anatomy is key. One must be able to visualize the tumor and margins ade-
quately. Patients with trismus or a large body habitus may not be candidates. If it is 
likely that the patient will require chemoradiation postoperatively, adding TORS 

Fig. 14.1  Assistant sitting at the head of bed with robot docked at bedside

H. Arshad



299

may also not be beneficial (i.e., the patient may not get an additional survival benefit 
from trimodality treatment). Also, if the resection will require free flap reconstruc-
tion, an open surgery may be more straightforward, although some groups have 
reported robotic insetting of flaps [7].

14.1	 �Photodynamic Therapy

Photodynamic therapy (PDT) has been used for head and neck cancers since the 
1980s but has not gained widespread use despite its effectiveness. PDT is used for 
cancers of the skin, GI tract, lung/bronchus, and GU tract. The process is relatively 
straightforward and minimally invasive. The patient is exposed to a photosensitizing 
agent (by intravenous injection, topical application, or intralesional injection). The 
drug is then selectively taken up by cancer cells, with less absorption into normal 

Fig. 14.2  Preoperative 
view of patient with oral 
squamous cell carcinoma, 
before photodynamic 
therapy

Fig. 14.3  Patient in 
Fig. 14.2, 2 months after 
PDT treatment
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tissues. A non-cutting laser light of a specific wavelength is then used to activate the 
drug. Cell death occurs by the formation of radical oxygen species and vascular 
shutdown to the tumor. Because there is minimal absorption in the surrounding tis-
sues and the light is focused on the tumor and margins, there is little collateral dam-
age. The main side effects for the patient are pain at the treatment site and 
photosensitivity. The treated site heals with minimal scarring (Figs. 14.2 and 14.3). 
For head and neck cancers, PDT has an established track record in the treatment of 
early carcinomas of the oral cavity and larynx. Authors report outcomes comparable 
to conventional methods of treatment with surgery and radiation [2, 3, 11].
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Prosthetic Reconstruction 
of the Orofacial Region

G. Gehl

15.1	 �Introduction

The term “epithesis” refers to aesthetic coverage of defects using alloplastic mate-
rial. An epithesis serves as an aesthetic cover, which is designed to restore a defect 
to a natural contour and complexion (epi thema, Greek: an object that is placed on 
something = lid). Epitheses already showed their worth in the sixteenth century 
with the designs of the French military surgeon Ambroise Paré, who treated vari-
ous facial injuries caused by cutting and stabbing weapons with defect coverage. 
“Epithesis” eventually became established as a technical term in Central European 
languages. Midface defects were also caused by syphilis and lupus vulgaris until 
the mid-twentieth century. These facial defects were functionally and aesthetically 
corrected with concealers and epitheses [50]. Epitheses became particularly impor-
tant after the First World War, when countless wounded soldiers survived thanks to 
advances in surgery, and epitheses served as replacements for injured facial 
contours.

However, after the Second World War, advances in microsurgery, pharmacology, 
and anesthesia gradually reduced the use of facial epitheses, and the vast improve-
ments in trauma surgery and diagnosis often ensure the maintenance or restoration 
of natural tissues and organ structures [18, 34, 57].

However, the epithesis is gaining new and global significance in relation to tumor 
surgery; innovations in aesthetic design of epitheses are provided by practitioners of 
the fine arts or medical artists and dental technicians during tumor surgery [3, 9, 52, 
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54]. However, most native English speakers are not familiar with the term “epithe-
sis” and refer to “facial prostheses” and “somato prostheses,” terms that are quite 
appropriate for the current trend, since the options for fixation with osseointegrated 
titanium implants mean that the substitute serves not just as a passive aesthetic 
object for covering defects but that implant retention construction now has a func-
tional prosthetic significance and the anchorage has a biomechanical or bioactive 
interrelationship with adjacent and impacting tissue structures [6, 53]. Since epith-
eses play an important functional role, we will refer to them in the following as 
facial prostheses and prosthetic rehabilitation, according to common usage in the 
Anglo-American literature.

15.2	 �Indications for Facial Prostheses

Tumors are often detected early by routine checks and modern imaging techniques. 
With tumor resections, the wound cavity can often be covered and restored in a 
single session. However, recurrence is not uncommon. After several follow-up 
resections, the end result is an extensive defect, which cannot always be covered 
satisfactorily and aesthetically with plastic surgery. In these cases, a facial prosthe-
sis serves as a removable long-term temporary measure, usually made of flexible 
silicone. This enables observation of the defect region with direct visualization as 
well as imaging procedures over a monitoring period of 3–5 years (Fig. 15.1a, b). 
Such a monitoring period seems to be advisable so that restoration with plastic sur-
gery after a possible recurrence is viable for longer. The recommendation of 
Olbrisch [46] to minimize surgical trauma in order to protect both the patient and 

a b

Fig. 15.1  (a) Extensive midface defect after recurrent basal cell carcinoma in a 67-year-old 
patient. Direct visual monitoring of the defect cavity. (b) Defect coverage with spectacle-retained 
silicone facial prosthesis
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his tissue is certainly appropriate in this context. Prostheses are therefore used pri-
marily after tumor resection in the craniofacial region as well as in rehabilitation 
after partial or total mastectomy [25, 27, 30, 31] (Fig. 15.2a–c).

Facial prostheses may also be used for accident patients if part of the face (e.g., 
with traumatic ablation of the external ear) requires temporary or definitive replace-
ment with a facial prosthesis. Finger replacements after traumatic loss were made 
out of dental PMMA prosthesis plastic [41] and are still (with modified processing 
technology) an option today [7]. Silicone prostheses are also used to correct trau-
matic defects of the hand and calf (Fig. 15.3a–e).

Finally, new options for surgical treatment are starting to benefit patients with 
congenital craniofacial malformations. In the surgical correction of facial mal-
formations, callus distraction of the mandible with intraoral access is increas-
ingly used in childhood for early improvement of speech, swallowing, and 
masticatory function (Fig.  15.4) [51]. Simultaneous treatment with bone-
anchored hearing aids (BAHAs) significantly improves the communication and 
learning ability of these patients. From an aesthetic viewpoint, unilateral or 

a

c

b

Fig. 15.2  (a) Status postmastectomy (left) of a 41-year-old patient. (b) The custom-made 
foam-filled silicone prosthesis. (c) Volume compensation with custom-made silicone foam 
prosthesis. The prosthesis is held in place by an aerobic bra. It is therefore very suitable for 
sportswomen
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a

c

e

d

b

Fig. 15.3  (a) Status post lawnmower injury in a 42-year-old patient, impression for working 
model. (b) The prosthesis is retained on the remaining fingers with a ring anchor on the ring finger 
on one side and positioning on the stump of the index finger on the other side. The middle finger 
stump provides no support. The middle finger is therefore incorporated into the prosthesis as a 
tangential member. (c) Silicone prosthesis in situ, functionally splinted with gold framework. 
Splinting improves grasping function as well as retention on the remaining fingers. (d) Calf defect 
in a 34-year-old patient after walking into a glass door. (e) Volume compensation with a foam-
filled silicone prosthesis. This is held in place by the tights that the patient is wearing

bilateral incorporation of implant-retained auricular epitheses is a significant 
therapeutic improvement [26]. Functional and aesthetic correction with surgical 
prostheses should therefore be discussed (and perhaps undertaken) before young 
patients start school.
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15.3	 �Impression Making for Facial Prosthesis Production

The doctor or orthodontist is responsible for planning the production and placement 
of facial prostheses. This also applies to making impressions for the production and 
integration of prostheses, particularly where open defect cavities are involved and if 
respiratory functions may be impaired [48]. Lehmann and Schwenzer [42] pointed 
out that an accurate model of the face with a clear representation of the defect’s 
borders is normally an essential prerequisite for the creation of a facial prosthesis 
and that the related process of making the impression may still present some prob-
lems. It should be noted that the physician is responsible for any complications with 
preparation of the prosthesis, such as aspiration of impression material. Previously 
alginate and plaster were used to make an impression of the whole face, and this was 
used to create a working model for the technician. With the new planning principles, 
many patients only require a partial mold. Silicone in twin mixing cartridges simpli-
fies the process of making the impression since the ratio of the components is fixed 
by the cartridges, and the time taken for preparation and polymerization as well as 
the final Shore A hardness is set by the manufacturer in the ready-to-use cartridges 
(Fig. 15.5). Silicone is available in consistencies of fluid to firm for impressions as 
well as lining material. The mixing nozzle ensures optimal mixing of the compo-
nents for the impression process and also minimizes usage of the material, since 
mixing errors (and therefore repeated preparation) can be avoided. However, mak-
ing the impressions can still be difficult for the uninitiated. In order to avoid 

Fig. 15.4  Eight-year-old 
patient after bilateral 
distraction osteogenesis of 
the mandible. Implant-
retained auricular 
prosthesis (right and left), 
as well as BAHA on right
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problems of displacement, deformation of soft tissue and even the risk of aspiration 
of the impression material, we developed model prototypes that could be adapted to 
the defect for orbital prostheses (Fig. 15.12a) as well as for nasal and auricular pros-
theses [17, 19]. This makes preparation of an impression unnecessary, but the pros-
thesis must still be adapted. Corrective impressions and possibly direct lining and 
integration must still be performed by the doctor or orthodontist, as pointed out by 
Reitemeier [48].

15.4	 �Dermatological Testing of Facial Prosthesis Material

Various materials have been used for the preparation of facial prostheses. Tissue 
compatibility, aesthetics, and durability of the material are all important character-
istics. In the 1960s, the material most frequently used for prostheses was 
poly(methyl methacrylate) (PMMA) since it was found to be particularly durable, 
but in the 1970s, softer and more flexible materials such as latex as well as poly-
urethane and silicone elastomers were found to be suitable alternatives [36]. 
Silicone has been used increasingly for the last 40 years as facial prosthesis mate-
rial as well as lining and impression material. However, it should be noted that 
“silicone” is a collective term for a material of variable quality and quite diverse 
physical properties, in polymerization systems or hardness grades from fluid 
through supple and elastic to rigid. This material is therefore continually being 

Fig. 15.5  Preparation of the impression or lining is made easier by using silicone (Available in 
twin cartridges with a mixing nozzle, Mucopren®, Kettenbach Dental)
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developed and modified for an increasing variety of medical applications, and its 
biocompatibility is assessed repeatedly depending on the particular application 
[17, 47]. However, the user of facial prosthesis materials will find little information 
on the skin compatibility of silicone products. Although most patients have no 
allergic reactions to silicone prosthesis material, severe skin redness may develop 
in some cases. Factors such as the “moist chamber” have been discussed as possi-
ble causes. However, there is still some uncertainty about the actual causes. Lanman 
et al. [40] therefore carried out a cumulative irritation test in which 12 prosthesis 
and lining materials were tested on 20 healthy subjects over a period of 21 days. 
During these 3 weeks of testing, the subjects’ skin was in permanent contact with 
the test materials for five consecutive days per week. The tested prosthesis and lin-
ing materials were generally well tolerated [58]. No significant differences between 
the various materials were detected, either between condensation cross-linked, 
addition cross-linked, and platinum-catalyzed A-silicones or between heat-polym-
erized silicones and silicones vulcanized at room temperature. The materials were 
tested on the patient’s back (not on the face), which seems unrealistic even on 
purely technical grounds. However, the range of prostheses that are currently pro-
duced includes not only facial prostheses but also finger, calf, and breast prosthe-
ses, which all lie flat on various areas of the skin. All the materials in this test had 
equally low irritant properties. In the future, when selecting a suitable material for 
facial prostheses, we will therefore be able to pay greater attention to economic, 
technical, and other aspects of the material, such as dye affinity, color retention, 
and durability as well as ease of correction and repair [28].

15.5	 �Prostheses After Partial or Total Mastectomy

Resection of extensive breast cancer often results in conspicuous asymmetry. The most 
elegant form of aesthetic rehabilitation is undoubtedly primary restoration of the breast 
with plastic surgery [15]. Restoration with a silicone prosthesis is also a proven tech-
nique, in which provision of the prosthesis involves the use of tissue expanders or a 
Silastic® prosthesis [4]. However, surgical repair is not always indicated and is subject 
to critical evaluation [39, 45]. Industrially manufactured exoprostheses are therefore 
also used for temporary volume compensation. Industrially prefabricated breast exo-
prostheses usually consist of a lightweight cotton-filled cushion to fill the bra or a soft 
exoprosthesis filled with silicone gel. This is carried in a special reinforced bra, but is 
not always tolerated due to its weight (500–800 g).

A custom-made, soft, foam-filled silicon prosthesis (weighing about 250 g) is a 
recent design that fills a therapeutic gap between the options of restoration with 
plastic surgery and augmentation with an industrial product (Fig. 15.6a, b). If the 
patient does not wish to have an immediate restoration with plastic surgery, an indi-
vidually fitted medical prosthesis should be considered as a viable alternative. This 
makes a medical approach to restoration and rehabilitation a more appropriate 
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method of treatment [30]. In fact an individual, provisional long-term prosthesis 
should be fitted as soon as possible after a mastectomy: this should take the aes-
thetic needs of the patient and the topography of the scar tissue into account, be light 
in weight and should not obstruct the lymphatic vessels (Fig. 15.6c, d). The option 
of a surgical restoration is maintained. A particular advantage of the light and aes-
thetic prosthesis is that it can be worn in the usual underclothing without special 
fixation, since the silicone base has good anti-slip properties (Fig. 15.6e, f). This 
prosthesis sits firmly in place even in a strapless bra (Fig. 15.6d).

a

c

e f

d

b

Fig. 15.6  (a) The appearance of the soft custom-made silicone prosthesis is quite acceptable. (b) 
The breast prosthesis is filled with silicone foam and covered with a thin silicone skin; it is there-
fore light in weight (cross section of a demonstration model). (c) Status post partial mastectomy 
(right) in a 61-year-old patient. (d) The light silicone prosthesis can be worn without additional 
fixation in a strapless bra. (e) Status post mastectomy on left of a 36-year-old patient. (f) For vol-
ume compensation the silicone foam prosthesis can be worn in a fashionable bra, since the silicone 
base has good nonslip properties against the skin
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The aesthetics and lightweight of these new breast prostheses are certainly 
advantageous, but the Shore A hardness is still a problem, since the silicone foam 
does not have the supple softness of natural breast tissue.

15.6	 �Craniofacial Surgery with Epitheses

Experience with facial prosthesis surgery has shown that gradual rehabilitation of 
the patient gives the best results, because willingness to cooperate, personal accep-
tance, and the patient’s trust in a new part of the face made of a foreign material 
only develop during the fitting and adaptation of a prosthesis. After completion of 
a spectacle-retained prosthesis as a provisional long-term measure, patients may 
find that the spectacle-retained prosthesis can slip and is still noticeable as a for-
eign body, in which case they might prefer an implant-retained prosthesis. In any 
case, a spectacle-retained prosthesis should be fitted as early as possible (depend-
ing on the indication) because covering the defect results in rapid psychosocial 
integration. While the long-term provisional prosthesis is being fitted and adjusted, 
implant placement should be discussed and possibly undertaken, since with early 
implant placement, the temporary facial prosthesis will cover the defect during the 
implant’s healing time of about 3 months. Later the model of the temporary pros-
thesis can be used as a master mold for preparation of the final implant-retained 
prosthesis. It is advisable to undertake rehabilitation gradually in the following 
stages:

	1.	 Prosthesis retained with adhesive or spectacles
	2.	 Final implant-retained prosthesis

If the general condition of the patient makes it possible (underlying disease, age, 
healing ability, freedom from cancer), each stage of this treatment plan provides an 
interdisciplinary surgical and prosthetic improvement until the final surgical aes-
thetic restoration.

15.7	 �Adhesive Retention of Epitheses

A facial prosthesis can be matched in shape and color to the patient and retained 
with adhesive. It is applied immediately postoperatively (Fig. 15.7a, b). Such a tem-
porary prosthesis avoids the use of a conspicuous gauze dressing, makes it easier to 
change the dressing, and also constitutes a model for the definitive facial prosthesis 
[22, 23]. Another indication for an adhesive-retained prosthesis is ear replacement, 
although adhesives and cleansing agents soon impair its appearance and mechanical 
durability (Fig. 15.8a, b). This may require preparation of a new prosthesis after a 
relatively short period. An alternative to a soft silicone prosthesis is one made of 
poly(methyl methacrylate), which is much more resistant to mechanical damage 
and has obvious functional advantages [7].
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15.8	 �The Spectacle-Retained Facial Prosthesis

A spectacle-retained facial prosthesis made of soft silicone is very comfortable to 
wear and is very durable, since its margins are not damaged by adhesives or deter-
gents. These epitheses should last for up to about 5 years with proper cleaning and 
monitoring, a factor worth noting in the context of cost containment. The 

a b

Fig. 15.7  (a) Extensive midface defect with fixed maxillary plate in a 48-year-old patient. (b) 
Immediate prosthesis in the form of a dressing plate (cf. Fig. 15.12a)

a b

Fig. 15.8  (a) Status post loss of external ear in an 87-year-old patient. (b) Ear replacement with 
adhesive-retained silicone prosthesis
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spectacle-retained prosthesis is preferable for midface defects as a long-term provi-
sional measure, since it can already be fitted shortly after the operation and before 
wound healing is complete. However, the margins of the prosthesis must form a 
circular lid over the wound cavity and protect the defect without any mechanical 
interference with the wound-healing process. Most patients prefer this type of initial 
treatment, because rehabilitation with this type of prosthesis can start quickly with-
out additional surgical intervention (Fig. 15.9a, b). The prosthesis is made of sili-
cone with a Shore A hardness of 20; has thin, soft, extended margins; and is anchored 
to the spectacle frames with 0.9 mm remanium® spring wire (Fig. 15.10a, b). This 
elastic retention reduces the risk of breakage if there is a blow to the spectacles, 
while the soft margins of the prosthesis and the sprung attachment reduce the risk of 
injury to the patient [17, 25, 27].

Disadvantages of spectacle retention are firstly that the prosthesis can slip with 
the spectacles and secondly that the spectacles need to be removed in order to be 
cleaned. This would reveal the defect, which could be embarrassing for the patient. 
Another disadvantage is that the patient is dependent on this single pair of glasses 
in combination with the prosthesis.

a b

Fig. 15.9  (a) Status postorbital evisceration on right in a 45-year-old patient. (b) Initial treatment 
with a spectacle-retained facial prosthesis can already be carried out shortly after surgery
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15.9	 �The Implant-Retained Facial Prosthesis

The implant-retained prosthesis, i.e., one retained in a defined position independent 
of spectacles or adhesive, is currently regarded as the definitive type of facial pros-
thesis. It is incorporated very well, since it is hardly perceived as a foreign body and 
is easy for the patient to maintain. It is removable and held in place with mini-
magnets, bar constructions, or comparable fixation elements on osseointegrated 
titanium implants. For extraoral prostheses, modifications of proven dental implants 
made of titanium are available that are osseointegrated as individual posts [5, 38]. 
The numerous publications on this topic show that the various craniofacial titanium 
implant systems have comparable long-term durability. They are therefore regarded 
as equally useful in rehabilitation with epitheses.

15.10	 �Planning for Pre-prosthetic Surgery

A surgical and prosthetic substructure and superstructure adapted to one another 
will enable optimal long-term osseointegration of implants [2], since in dental and 
surgical prosthetics, planning the location of an implant, hygiene in the region of the 
implant, as well as physiological and mechanical adaption of the overall structure is 
a prerequisite for long-term success. Comparable design principles in dental pros-
thetics and materials science are the basis of both intraoral and extraoral implantol-
ogy (Fig. 15.11a–c).

15.11	 �Planning for Orbital Epitheses

After surgical removal of a tumor, for example, with orbital evisceration, the extent 
of surgical lining of the defect cavity should be limited so that sufficient room is 
available for a prosthesis structure. The defect cavity must have enough room to 

a b

Fig. 15.10  (a) The spectacle-retained silicone prosthesis only contacts the skin gently with its 
margins and protects the wound cavity like a lid. (b) Retention with remanium® spring wire and 
soft silicone margins makes this prosthesis more comfortable to wear than a rigidly fixed PMMA 
structure
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house the fixation elements and the body of the prosthesis in both sagittal and trans-
verse planes so that the prosthesis is not asymmetrically displaced. This also applies 
to spectacle-retained and implant-retained epitheses. A preoperative case confer-
ence is therefore recommended in order to determine the most favorable position for 
osseointegration of the implants in relation to the prosthesis, so that permanent 
osseointegration of the implants as well as correct integration of counter elements 
in the body of the prosthesis can be achieved. Planning templates have been devel-
oped for this purpose [17, 19]. For example, during an orbital evisceration, the opti-
mal location and angle of inclination of the implants are determined with the aid of 
a transparent prosthesis template, and these can be put in place in the same opera-
tion (Fig.  15.12a–c). The transparent template makes it possible to visualize the 
probable prosthesis volume within which the fixation elements are to be positioned. 
The position and angle of inclination of the implants should provide a minimum 
height of 12 mm from the bone surface in the axial direction for the fixation ele-
ments. To ensure proper hygienic conditions in the area of the implants, the distance 
and axial inclination of the implants should be such that the mounting posts are at 
least 15  mm apart from each other at the points where they penetrate the skin 
(Fig. 15.12d–f).

a

c

b

Fig. 15.11  (a) Two cylindrical telescoping magnetic posts as retention elements for an auricular 
prosthesis after cancer-related loss of the auricle in a 67-year-old patient. (b) Silicone ear in situ, 
mounted on two magnetic telescoping posts. This design principle prevents side shift and rota-
tional moments and therefore allows support for spectacles. (c) The implant-retained prosthesis is 
presently regarded as the definitive technique, especially for a restoration with support for a pair of 
glasses
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a

c
d

e

f

b

Fig. 15.12  (a) Partly prefabricated prosthesis models as planning templates. The templates can 
also be used as dressing plates or temporary prostheses. (b) After orbital evisceration, the gas-
sterilized transparent template shows the boundaries of the volume required by the prosthesis. (c) 
Position, angle of inclination, and height of the planned retention anchor should be within the 
boundaries of the planning template. (d) Status post 3 months healing of the implants (Friadent®) 
and insertion of the magnetic anchors (steco®). (e) Peri-implant overview showing that the free-
standing pillars allow optimal hygiene. (f) Magnet-retained orbital prosthesis in situ in a 42-year-
old patient
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15.12	 �Planning for Nose Replacements

For partial or total nose replacement, implants can be inserted at the border of the 
piriform aperture after the bone margin has been prepared by grinding down to a 
plateau width of about 6 mm for reception of the implants. The axis of the implant 
should point in the direction of the bridge of the nose, so that the retention elements 
can be placed inside the body of the prosthesis with sufficient height. Sufficient 
bone for insertion of an implant is also available beneath the glabella (Fig. 15.13a–
c). For fixation of epitheses with only a small amount of bone, a titanium mesh 
implant (3-D carrier plate, Epitec®) with associated fixation elements has been 
developed for the retention of fully flexible silicone epitheses with elimination of 
the usual hard PMMA base [10, 20].

15.13	 �Planning for Ear Replacements

For ear replacements, a sketch on a flat transparent plastic foil is sufficient for the 
planning of implant positions (> Chap. IV-9.2, Fig. 15.2a). Planning is best carried 
out with the patient sitting upright, since one needs to see the ear in profile view and 
also assess symmetry in a frontal view (> Chap. IV-9, IV-9.2, IV-9.3). The planning 
sketch is necessary to ensure that the fixation elements do not protrude from the 
concha of the prosthesis body and that the implant anchors are positioned so that the 
superstructure can be fully integrated into the helix of the auricle. According to the 
literature, the ideal position for the implants is about 20 mm posterior to the external 
auditory meatus. The implants are positioned at specific time points on an imagi-
nary clockface, with the external auditory meatus as its center [42, 55, 56]. However, 
it is sometimes difficult to determine the positions of the time points if the patient is 
draped. We therefore developed a horizontal reference plane whose endpoints are 
palpable in a draped patient. This plane is comparable with the Frankfurt horizontal, 
although the palpable prosthesis horizontal is located slightly superior to the 
Frankfurt horizontal. The external auditory meatus and the lateral margin of the 
orbit are the cardinal points. The external auditory meatus is designated as the cen-
ter of the clock dial, and the shortest line connecting it to the lateral margin of the 
orbit is the horizontal line from 3:00 to 9:00 on the clockface that serves as the refer-
ence for implant insertions (Fig. 15.14a, b).

Since treatment with implant-retained auricular epitheses is a proven method 
with good long-term results, we are seeing an increasing number of patients with 
congenital craniofacial malformations. If a patient with microtia has no external 
auditory canal, the auricular rudiments can be used as landmarks for the planning 
sketch. A mirror image of a sketch of the position and contour of the healthy ear on 
firm transparent film can be used on the malformed side. The theoretical location of 
the external auditory meatus can then be used to reconstruct the prosthetic horizon-
tal. Auricular rudiments should therefore be spared from surgery for various rea-
sons, so that they can be retained initially for further planning and orientation. It 
may be possible to position a gas-sterilized, milled planning template in the draped 
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a b

c

Fig. 15.13  (a) 84-year-old patient after nasal ablation for recurrent basal cell carcinoma. Implant 
retention below the glabella. (b) Defect coverage with magnet-retained silicone prosthesis on a 
single pillar. (c) The implant-retained nasal prosthesis provides an aesthetic restoration of the nasal 
contour. Support for spectacles is also restored
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patient (Fig. 15.15). When planning the positioning of an ear prosthesis in a patient 
with microtia, one should remember that the rudiments follow the growth trend of 
the soft tissues of the splanchnocranium and are often displaced anteriorly, so that 
they are not a reliable guide for placement of the auricle. A posterior adjustment 
during planning may therefore be advisable when matching the position of the pros-
thesis with the normal side.

In addition to the first-line option of plastic surgery for auricular restoration in 
patients with microtia or aplasia [59, 60], a temporary or definitive prosthesis is also 
worth considering since the patient may not be satisfied with the outcome of surgical 
restoration, particularly if there have been repeated attempts at surgical correction. 
Insertion of two implant anchors followed by surgical smoothing of the region in a 
second step and fitting of an auricular prosthesis may result in an outcome that the 
patient finds more acceptable. For the same reason, it is worth considering whether 
an auricular prosthesis is indicated for otomandibular dysostosis (Fig. 15.16).

15.14	 �Benefits of Stereolithography for Planning a Facial 
Prosthesis

Planning is much more difficult in patients with Treacher Collins syndrome 
(Franceschetti-Klein syndrome). With regard to craniofacial surgery, callus dis-
traction of the mandible and correction of the zygomatic bone are the most 

a b

Fig. 15.14  (a) This reference horizontal for the positioning of implants is palpable in draped 
patients. On the right side, implants should be placed 20 mm posterior to the external auditory 
meatus at 8.00 and 10.30 o’clock. (b) A preoperative planning sketch on a transparent foil can be 
used for orientation during surgery in the form of a sketch on a transparent template. On the left, 
the implant positions should be at 1.30 and 4.00 o’clock
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common approaches (> Chap. IV-12). The basis for planning in such cases is a 
stereolithography model [51]. This model is also used for planning the location of 
the implants for bilateral auricular replacement and for BAHAs (bone-anchored 
hearing aids [26]). Stereolithography provides a very clear model for planning 
facial prostheses in this area. One issue is that bone in the region of the mastoid is 
irregular and may therefore be unsuitable for implant placement (Fig.  15.17a); 
another problem is that maintained growth of the mandible and the zygomatic bone 
causes an unattractive inferior displacement of the mastoid region. This means that 
the mastoid process has moved inferiorly with respect to the splanchnocranium. If 
the mastoid is now recommended for implant insertion (as is often the case), the 
retention elements would be too far inferior and the ears (and the BAHAs) would 
be placed in the nape of the neck. The aesthetic results would not be optimal. For 

Fig. 15.15  The contour of 
the normal ear is 
superimposed on the 
malformed side with the 
aid of a sketch in black ink 
on transparent foil. The 
outlines of the rudiments 
and the positions of the 
implants are then drawn in 
red. A milled template can 
also be prepared
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external orientation, the ear should therefore be situated between the alae of the 
nose as the inferior limit (both in profile and en face) and the eyebrows as the supe-
rior limit. These positions can be marked on the planning sketch, so that the rudi-
ments can be used as external contours for orientation during surgery. In applying 
this external assessment based on the stereolithography model from an aesthetic 
viewpoint, one can see that the implant positions must be moved very far distocra-
nial from the mastoid region in order to obtain an optimal aesthetic result 
(Fig. 15.17b–d). After insertion of the implants, a decision as to how the ear rudi-
ments should be incorporated into the overall design should only be made after 
osseointegration while placing the prosthetic pillars in a second step. In the case 
presented here, a cartilage rudiment was surgically formed into the tragus, the soft 
tissue was drawn posteriorly, and these steps were integrated into the design of the 
prosthesis (Figs. 15.4 and 15.17d).

Fig. 15.16  Implant-
retained auricular 
prosthesis for a 17-year-old 
patient with otomandibular 
dysostosis on the right, 
after several plastic surgery 
operations for auricular 
restoration did not produce 
the desired result. Surgical 
lengthening of the right 
mandible is still pending
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15.15	 �Fixation Elements for Implant-Retained Craniofacial 
Epitheses

The preparation of fixation elements for facial epitheses is usually similar to the 
production of superstructures for dental implants. For extraoral prostheses, bars 
were initially the primary conventional method of fixation to osseointegrated pil-
lars. There are also anchoring methods that use a snap-fastener system. Both meth-
ods, bar and bar attachments and snap-fastener fixation, have the disadvantage that 
the force required to detach the prosthesis is variable and indefinite. In this context, 
there are valid concerns that excessive detachment forces and bending moments 
may place too much stress on the osseointegration of the implants and lead to loss 
of the implant. In addition, bar construction prevents good hygiene and an optimal 
overview of the implant area. However, in the course of development of mini-
magnets as fixation elements on individual intraoral posts, mini-magnets with 
defined detachment forces have also become available as retention elements for 
extraoral defect prosthetics. These magnet inserts are corrosion resistant [61] and 

a b

c d

Fig. 15.17  (a) The stereolithography model shows that the bone is irregular in the mastoid region. 
(b) Determining the external contours of the auricles based on aesthetic criteria. (c) Transfer of the 
external aesthetic assessment onto the stereolithography model shows that the ideal position of the 
two implants is far distocranial from the mastoid process (the anterior point is the virtual external 
auditory meatus). (d) 8-year-old patient (Franceschetti syndrome) with magnet-retained prosthesis 
in situ: according to the plan for pre-prosthetic surgery, the cartilage component of the auricle rudi-
ment was converted into a tragus and integrated as an autologous component into the alloplastic 
prosthesis
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have a defined detachment force of 1.5–3 N as stated by the manufacturer. Various 
designs with specific functional benefits are available, depending on the application: 
the simple prosthesis mini-magnet in spherical form, functioning purely for reten-
tion, as well as a lip magnet and a long-lip magnet, whose circular metal lips pro-
vide protection against transverse forces. There is also a cylindrical telescoping 
magnet with retaining, supporting, and tilt prevention functions that protects against 
transverse forces and provides resilience (Fig. 15.18a–c).

15.16	 �Magnet Retention for Orbital Epitheses

The basic design for fixation of orbital epitheses with mini-magnets usually incor-
porates spherical prosthesis magnets (steco®, Hamburg) as implant inserts, with 
counter magnets in the body of the prosthesis. Fixation on two or more posts gives 
the prosthesis a stable support and a defined seating. Although the prosthesis can be 
moved laterally on the surface of the magnets, its position in the orbital cavity gives 
it substantial stability. This means that fixation in the orbital cavity with simple 
prosthetic magnets is usually satisfactory (Fig. 15.12d–f). However, additional pro-
tection against lateral displacement is provided by lipped magnets (Technovent®, 
Leeds) (Fig. 15.18b).

a b

c

Fig. 15.18  (a) Abutment with integrated spherical magnet on a Brånemark implant (Nobel 
Biocare®) and prosthesis mini-magnet as counter magnet. (b) Lipped magnet (Technovent®) with 
circular lip to protect against lateral displacement. (c) Telescoping inserts and cylindrical telescop-
ing magnets provide various prosthetic functions (steco®)
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15.17	 �Magnet Retention of Auricular Epitheses

Fixation elements for auricle replacement must meet a number of functional require-
ments to ensure that the prosthesis is correctly seated and its lateral displacement or 
rotation is prevented. Magnet systems are therefore suitable as retention anchors if 
they have sufficient retention force (about 1.5 N) and protection against transverse 
forces in the form of a long metal lip (Technovent®) or a cylindrical telescope 
(steco®). Designs that incorporate positioning of the auricular prosthesis on two 
magnetic telescoping posts have proven their worth in practice [24]. This design 
stabilizes the prosthesis against rotational and shear forces and results in a stable 
three-point support (ear-nose-ear) for spectacles (Figs.  15.10a–c and 15.13a–c). 
Furthermore, this prosthetic design also prevents tilting and allows a telescoping 
movement in case an earpiece of the patient’s spectacles gets wedged behind his ear 
as he removes them. It used to be necessary to ensure that the telescopic posts were 
parallel, but the development of fully flexible silicone epitheses without a PMMA 
base [20, 24, 25, 27] simplifies the production and handling of implant-retained 
epitheses and allows fixation onto diverging or converging telescopic posts, since 
the body of the prosthesis can be attached to the posts by its base (Fig. 15.19a–c). 
The fully elastic silicone prosthesis protects the osseointegrated implant against 
nonphysiological tilting moments, since it acts as a stress breaker due to its full flex-
ibility. Compressive forces on the auricle as well as leverage forces (which may be 
exerted, e.g., by a spectacle earpiece on the auricular prosthesis) are largely neutral-
ized by torsion of the prosthesis body. This protects the osseointegration of the 
implants from overload and reduces the danger of thread breakage for the inserts, 
which has often been observed in structures with acrylate bases. Integral abutments 
(pillars) with integrated magnets are recommended as retention elements, since they 
are less susceptible to loosening than multiple components screwed together. Cone 
magnets have recently become available, and these have a much greater tolerance 
with respect to the direction of insertion [37]. Since cone and counter magnets pro-
vide stabilization against shear forces, rigid prosthesis bases on two or more diverg-
ing or converging implant posts are usually stable when positioned in both intraoral 
and extraoral applications.

Fixation designs for auricular epitheses should always be consistent with the fol-
lowing functions and design principles (cf. Figs. 15.11a–c, 15.18c and 15.19a–c):

•	 Sufficient retaining force
•	 Defined location
•	 Defined detachment forces
•	 Protection against rotation of the prosthesis
•	 Protection against shear forces
•	 Support function
•	 Protection against tilting
•	 Resilience (telescopic mobility)
•	 Stress-breaking function
•	 Overview of implant site
•	 Access for hygienic purposes
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15.18	 �Magnet Retention for Nasal Epitheses

Nasal epitheses can be anchored by a single pillar with magnetic retention 
(Fig. 15.13a–c). Combined support with different retention elements may be neces-
sary for the fixation of extensive midface epitheses with problematic bone quality. 

a b

c

Fig. 15.19  (a) Fully flexible silicone auricular prosthesis. (b) Telescoping magnet in flexible 
prosthesis body (base). (c) Divergent or convergent telescopic posts as an anchor for a fully flexible 
prosthesis provide defined fixation and an optimal overview for hygienic purposes
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In this context, the use of a 3D carrier plate provides a supplement or alternative to 
individual posts [10, 21–23].

15.19	 �Immediate Surgical Treatment with Facial Prostheses

Titanium implants are frequently placed after removal of a tumor in the midface 
region. They are used to anchor a facial prosthesis after osseointegration of the 
implants. With extraoral prostheses the healing period for single posts is usually 3 
months. In a subsequent operation, the implants are exposed, the skin is thinned, 
and the abutments and retaining elements are screwed in. An alternative method of 
prosthesis retention is provided by the Epitec System®, with which we anchor the 
facial prosthesis immediately. Although it has already been noted that the Epitec 
plate can be loaded 3 weeks after insertion, a two-stage procedure is preferable with 
loading applied no sooner than 3–6 months after insertion [10, 11]. As a rule a pros-
thesis is usually only fitted 6 months postoperatively, although in some cases the 
delay may be a year or more. This procedure means that patients have a long wait 
until surgical restoration of aesthetic facial contours starts. For psychosocial reasons 
it is of course best for patients to have a definitive prosthesis as soon as possible. 
During the last 30 years, there have been innovative changes in cranio-maxillofacial 
prosthetics, such that debate about new implant designs has resulted in the abandon-
ment of certain surgical dogmas and rules of prosthetic practice. Those who have 
introduced innovations and modifications based on extensive clinical experience, 
the utility of which was originally doubted on scientific grounds, are now consid-
ered to have made significant contributions in intraoral and extraoral implantology 
to what is now generally regarded as the “state of the art.” It was previously custom-
ary to wait for 3–6 months after removal of a tumor in the midface region until 
osseointegration of the implant anchors, and the posts were then placed in a second 
operation. However, we have now developed successful methods for extraoral 
implant prosthetics that reduce this waiting period to a few days.

This involves a one-step method with which we reconstruct the facial contours 
immediately. For early restoration of facial contours, a 3D grid plate (Epitec, Stryker 
Leibinger) is fitted as an anchoring element and screwed stress-free to the bone on 
one side next to the resection cavity. The grid plate is fixed with at least two self-
tapping bone screws, which provide its primary stability. The Epitec System® has 
proven itself with the design of a titanium mesh for stress-free adaptation to the 
bone. In order to avoid tensile forces on the bone screws where the bone structure is 
delicate (e.g., in the region of the piriform aperture), stress-free fitting of the plate 
appears to be necessary. The soft tissue is blunt dissected from the screws in the 
bone to the exit point. Tunneling is used to accommodate the grid plate. The free 
side of the grid plate perforates the skin (Fig. 15.20a–c). This grid plate is a modi-
fied osteosynthesis plate. The Epitec plate has an internal thread in each grid aper-
ture. Mini-magnets are screwed in here as fixation elements to anchor the facial 
prosthesis. The soft tissue is not thinned at the point of penetration through the skin, 
as was usually the case with the use of retention posts. Following this procedure 
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reduces soft tissue trauma and consequent postoperative swelling. This concept has 
since been improved further due to modification of Mucopren (Kettenbach Dental: 
silicone for maxillofacial prosthetics). The prosthesis is made of Mucopren E (for 
epithetics) and lined directly with Mucopren Soft in situ on counter magnets (see 
Fig. 15.5). This silicone is characterized by short polymerization times and ease of 
repair and is therefore ideally suited for extensions, linings, and modifications in the 
field of silicone prosthetics. Full silicone technology without the use of an acrylate 
base has proven its value [24], because the Mucopren silicon layers bind well with 
each other and there is no mixing or abutting edge with other plastics.

With this concept, the patient can even be provided with a magnet-retained facial 
prosthesis immediately after removal of the tumor and while still under general 
anesthesia (Fig. 15.21a–f). A prefabricated silicone prosthesis can be fitted to the 
defect as an interim measure. The previously prepared full silicone prosthesis is cut 
with scissors to fit the defect cavity. The technology for preparing prosthesis tem-
plates and their early adaptation as an immediate measure has been described 
repeatedly in the literature [17, 19, 22, 23]. Further adjustments may be necessary 
after 2–3 months; these are made with Mucopren; a similar medical silicone for 
facial prostheses is the slow-curing Bioplast® (Detax, Germany). This method of 

a b

c

Fig. 15.20  (a) Status post loss of one eye and the nose. Tunneling of the soft tissue from the fix-
ture of the Epitec plate on the infraorbital rim to the exit point of the plate in the orbit. (b) Three 
plates with mini-magnets for retention of the orbitonasal prosthesis in situ. (c) Prosthesis in situ 
four days postoperatively; reconstructed facial contour
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f

Fig. 15.21  (a) Tumor in situ. (b) Individually prepared model of the nose. (c) Epitec plate with 
mini-magnets and counter magnets for retention of the prosthesis. (d) The prosthesis is lined with 
Mucopren during surgery as a “dressing plate” on counter magnets. (e) Rear view of the prosthesis 
with counter magnets embedded in the polymer. (f) The prosthesis 3 weeks postoperatively, modi-
fied and with readapted margins
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immediate prosthetic restoration has a particular advantage in that the facial pros-
thesis can easily be modified and renewed, even if the defect site is altered by wound 
healing. This means that further surgical corrections are usually unnecessary, which 
significantly reduces costs as well as mental and physical stress for the patient. 
After surgery, the prosthesis is initially used as a dressing plate. This greatly simpli-
fies nursing care of the defect, since the prosthesis only needs to be removed from 
the magnets in order to change the dressing, and no other bandage is needed after 
the defect has been cleaned. During this wound-healing phase, only slight swelling 
of the soft tissue can be seen in the region of the implants, and the region around the 
implant heals rapidly and uneventfully. Wound healing was found to be benefited by 
firm attachment of the soft tissue to all rough areas of the grid bars. This adhesion 
improved sealing of the skin cuff while the polished retaining elements projected 
from the soft tissue structures. In the last 25 years, a large number of plates were 
inserted and hundreds of magnetic posts were used as superstructure. Very few 
implants were lost. However, in two patients the titanium plates were explanted 
because they caused dysesthesia in the region of the facial muscles. Impaired wound 
healing was observed with the use of absorbable suture material. It is known from 
intraoral prosthetics that only atraumatic nonabsorbable suture material should be 
used. This is even more important where skin-perforating implants are used, since 
full absorption does not take place in this region and mechanical removal of the 
suture material remains incomplete. If the Epitec System is not available, an alterna-
tive is the Titanium Plate System Epiplating®, available from Medicon eG, Germany 
[12–14]. The superstructure is available from Cosmesil.de (Germany).

15.20	 �Significance of Immediate Aesthetic Restoration

After 25 years of experience with the early application technique in craniofacial 
prosthetics, it can be stated that no problematic cases of inflammation occurred in 
the region of the grid implant with this one-step method. The one-step method helps 
to protect the tissues and results in less stress for patients than in the past.

Our approach reduces the waiting time for fitting and adjustment of a facial pros-
thesis from 6 months to a few days; modification of Mucopren for prosthetics was a 
major contribution in this regard. No correctable silicone was available previously 
for craniofacial prosthetics. Clinical developments and experimental studies have 
shown that Mucopren is particularly suitable for the creation of prostheses as well 
as for their correction and lining [49]. The early aesthetic and functional restoration 
of lost facial contours with implant prostheses is a satisfactory and cost-effective 
method.

Providing primary stability of the grid plate by anchoring it with self-tapping 
bone screws is particularly advantageous. With immediate provision of implants, 
the prosthetic concept of splinting is also achieved by the square structure of the 
grid plate. The grid elements should therefore remain as closed squares if possible, 
since the square structure would lose its stability if one of the rungs of the square 
was severed. A rough surface of the implant plate facilitates firm attachment of the 
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skin, which helps to prevent invasion of bacteria through the skin penetration site. 
However, the polished surface of the thick post would prevent attachment of the 
skin and allow entry of bacteria, which might cause inflammation and potential loss 
of the implant. Stable attachment of the soft tissue to the titanium texture improves 
wound healing and sealing of the skin cuff, especially in extraoral prosthetics. Our 
concept of immediate restoration of facial contours has also proven to be beneficial 
for psychological patient management, since patients and their families find the loss 
of a facial area less confronting with immediate prosthetic replacement, both preop-
eratively and postoperatively, than if a cavity or flap were to alter the midface profile 
for a long period (Figs. 15.9a and 15.20). This is almost perceived as “contour loss,” 
but immediate replacement of the facial contour can improve the patient’s self-
confidence since the loss of facial contour and disfigurement are aesthetically con-
cealed. Return to work is also facilitated by our concept of immediate restoration of 
facial contours with a magnet-retained facial prosthesis. In some cases, preoperative 
clarification of the immediate treatment resulted in better maintenance of the 
patient’s pre- and postoperative self-confidence and psychological stability, as well 
as a more rapid return to their accustomed lifestyle and work environment.

This is a factor that is particularly important for the financial security of employ-
ees with leadership roles and self-employed individuals. Another advantage is that 
an implant-retained prosthesis on mini-magnets is permanently incorporated and 
comfortable to wear, as is the case with incorporation of implant-supported remov-
able dentures. The option of a spectacle-retained facial prosthesis is not recom-
mended, since this means that the patient is dependent on his spectacles. However, 
patients who work must use different spectacles for different purposes, which is 
why a magnet-retained prosthesis is the best choice for everyday use. Finally, early 
provision of customized implant-retained facial prostheses has functional as well as 
aesthetic advantages for the spectacle wearer, since the implant-retained nose or ear 
prosthesis provides exactly the right support for the spectacles immediately postop-
eratively. Without replacement of the ear or nose, the spectacles would not be prop-
erly supported. Proper fitting of spectacles is not only necessary for the use of 
communication tools such as computers, phone, or correspondence but is also very 
important for orientation and meal preparation by pensioners living alone. Properly 
fitting spectacles therefore assist patients to reintegrate rapidly into social and pro-
fessional life.

15.21	 �Causes and Prevention of Errors

Prevention and correction of failures is facilitated by the awareness and constant 
improvement of basic knowledge [44]. This is a prerequisite for routine patient care, 
and the relevant basic criteria are described above.

Surgical prosthetics and epithetics is a marginal area of dentistry [8] that presents 
many difficulties. It requires a basic knowledge of medical and material sciences, 
advanced and practical skills in these areas, and significant clinical experience in 
order to recognize in advance possible sources of error that could result in failure.
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Insufficient planning for pre-prosthetic surgery can result in an unfavorable topo-
graphical result, with no room for a prosthesis or options for retaining one 
(Fig. 15.22). An interdisciplinary approach to pre-prosthetic surgery should there-
fore be developed in order to avoid a complete failure. After the patient has received 
an explanation of the current plan and agreed to it, the plan should be carried out 
gradually and consistently until an acceptable result is achieved (Figs. 15.9a, 15.10b, 
and 15.12a–f).

Insufficient support and stability of the prosthesis results in dislocation. The 
patient therefore always regards a prosthesis as an unincorporated foreign body, 
resulting in disorders and/or reduced self-confidence, particularly in young people 
[59]. If no defined site for the surgical provision of a bed for a prosthesis can be 
found and no retaining elements can be integrated into the body of a prosthesis for 
secure anchorage with the aid of dental prosthetics and materials technology, provi-
sion of a prosthesis should be postponed until the required conditions can be made 
available.

Fig. 15.22  Result after 
extensive tumor resection 
in a 43-year-old patient. 
Inadequate room and 
topography without 
options for retention are 
unfavorable conditions for 
rehabilitation with a facial 
prosthesis
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Insufficient overview and hygiene in the region of implants with pillars that are 
too close together or short bar constructions can result in the deposition of exudates 
and dirt, particularly with extraoral structures (Fig.  15.23a–c), since no natural 
cleansing takes place such as intraoral cleansing of the pillars by rinsing with saliva. 
Although crusts can be cleaned off extraorally with interdental brushes, hygienic 
measures are much simpler if the pillar separation is at least 15 mm and circumfer-
ential cleaning is carried out daily for each pillar with water and a damp cotton 
swab. In addition, the surrounding epithelium should be cleaned regularly every 6 
months with professional monitoring and the use of 3 % hydrogen peroxide. With 
inadequate hygiene, inflammation of the implant region can enlarge the cutaneous 
gateway for bacteria. In this case, application of Bepanthen® often succeeds in 
eliminating the inflammation. For more persistent infections, application of an 

a b

c

Fig. 15.23  (a) Crowding of the pillars prevents an overview of the implant site and hygienic 
measures and provokes inflammation. (b) Absence of inflammation after treatment with a local 
antibiotic ointment (e.g., Terra-Cortril®). (c) Bar construction hinders hygienic measures, particu-
larly with low structural heights. Inflammation may result in the implant area
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antibiotic ointment can heal and tighten the skin cuff around the pillar that has been 
softened and distended by inflammation. This allows the skin cuff to recover its 
ability to seal the junction (Fig. 15.23b). Daily cleaning of the skin penetration site 
with moistened cotton swabs moving clockwise around the pillar is recommended 
in order to avoid complications. This is part of the patient’s hygiene instructions, 
since a minimal clockwise impulse will tend to tighten the insert into the implant, 
while counterclockwise cleaning will tend to loosen it.

Loosening of the retention elements can cause inflammation if a subcutaneous 
gap opens between the implant and the insert in which necrotic material can accu-
mulate. Clinical evaluation reveals exudate (or pus if inflammation is advanced) 
seeping out of the implant pocket. This can result in a rocking movement of the 
insert in the threaded portion, which can ultimately lead to thread breakage. The 
basic rule is: the fewer the screw connections in the superstructure, the lower the 
risk of loosening. The patient should check the tightness of the insert by rotating it 
clockwise between his thumb and fingertip.

This means that the insert is continually tightened to the limit of the thread. A health 
professional should check that the inserts are seated firmly with an applicator and 3 % 
hydrogen peroxide. This should be done every 6 months during a routine inspection.

Deposits from detergents cause skin irritation, and this can result in skin redness 
at the base of the prosthesis if it is not removed before the hair is washed, the deter-
gents are not rinsed completely away, and soap as well as moisture remains in the 
bed of the prosthesis (Fig. 15.24a). Patient instructions should include advice to 

a b

Fig. 15.24  (a) Cutaneous inflammation of the base of the prosthesis can be caused by detergent 
deposits. (b) The base of the prosthesis should be “hollowed out” for ventilation
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remove the prosthesis before washing the hair, to rinse the defect region with water 
and then to dry it. The base of the prosthesis should be hollowed out for ventilation 
to prevent formation of a “moist chamber” (Fig. 15.24b).

Unsuitable positioning of the implants and too little room for the superstructure 
may entail overextension of the body of the prosthesis, resulting in impaired aes-
thetic quality (Fig.  15.25). This problem can be solved with angled components 
(console abutments), but this results in multiple screw connections in the super-
structure and thus involves the problems mentioned above regarding loosening of 
multi-screw retention elements. The aim is therefore to achieve axial screw connec-
tion of the insert with an integrated magnet as well as ideal positioning and axial 
inclination of the osseointegrated implant. This aim and prevention of failures are 
both achieved by planning the pre-prosthetic surgery together with colleagues [2, 
21, 29].

15.22	 �Prospects

Restoration of the orbit with a hydroxyapatite (HA) eyeball (Bio-Eye®) as a func-
tional prosthesis anchor covered with mucosa is still a special case in surgical pros-
thetics: after enucleation as a result of an accident or cancer, an open-pore HA 
eyeball is inserted into the cavity and sutured in place with functional integration of 
the extraocular muscles but without tension. During the healing process, a con-
former is inserted into the palpebral fissure; this forms the bed for the future pros-
thetic eyecup with room in the superior and inferior conjunctival fornices as well as 
the medial and lateral angles of the eye for the definitive eyecup. After a healing 
period of 3 months, the porous bioconductive hydroxyapatite implant is invaded by 
soft tissue. In a second operation, an anchorage is created in the implant with a 

Fig. 15.25  The position and axial inclination of the superior pillar are situated unfavorably and 
outside the volume and contour of a prosthetic reconstruction of the nose. However, the lower right 
pillar is ideally positioned in the piriform aperture. A superstructure of normal height can therefore 
be integrated well into the body of the prosthesis
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permucosal coupling pin for a custom-made removable PMMA eyecup, so that the 
prosthetic reconstruction has the same motility as the contralateral eye (Fig. 15.26a–
d). The hydroxyapatite endoprosthesis thus serves as a functional retention anchor 
for the aesthetic exoprosthesis. The whole prosthetic structure is therefore biome-
chanically interconnected with the adjacent tissue structures and their specific phys-
iological capabilities. This challenging prosthetic application requires stepwise 
progress and collaboration between prosthetic and surgical colleagues all the way 
from planning pre-prosthetic surgery to completion.

Surgical prosthetics offers further examples of new opportunities in defect reha-
bilitation that are provided by bioconductive implants and biodegradable materials 
[1, 35, 43]. These developments suggest that enormous resources in materials tech-
nology are available for the reconstruction of lost tissue contours with alloplastic 
bioactive materials, which open the way to new techniques for prosthetic surgery in 
clinical practice in terms of the tissue remodeling of extensive defects.

During the last 20 years, we have been able to develop a biocompatible granular 
material and a mineral paste that induce soft tissue growth in situ and enable allo-
plastic regeneration of granulation tissue and rehabilitation without a scaffold 
(Fig. 15.27). In pilot cases of chronic wounds, soft tissue was regenerated in the 

a

c

b

d

Fig. 15.26  (a) Open-pore, bioconductive hydroxyapatite implant as a nonabsorbable eyeball 
replacement. (b) Hydroxyapatite eyeball with covering mucosa and coupling socket in situ. (c, d) 
The functionally retained epiprosthesis (left orbit) is moved by the coupling pin in the coupling 
socket via the hydroxyapatite eyeball and the extraocular muscles

15  Prosthetic Reconstruction of the Orofacial Region



334

shape and volume of the original tissue and we also obtained regeneration of muco-
sal tissue [32, 33]. This medical device appears to enable the restoration of exten-
sive soft tissue defects with very little scarring (Figs. 15.28, 15.29, 15.30, 15.31, and 
15.32).

After our initial experience with Epimineral® (Medical Minerals AG, 
Switzerland) and a number of successful treatments of pilot cases, a systematic 
study (with a clinical partner) of about 40 patients would now be worthwhile. A 

Fig. 15.27  Various HA granulate formulations for a number of indications and a paste for skin 
regenerations

Fig. 15.28  Various chronic insufficiencies and defects

Fig. 15.29  27-year-old woman, status post several years of acne. Treatment with paste every three 
days. Completion of treatment after 18 days
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Fig. 15.30  Chondrodermatitis nodularis helicis (CNH). Status post 12 weeks of treatment. 
Secondary finding: anterior wrinkle reduction

Fig. 15.31  46-year-old patient, irradiation 5 years before placement of implants, dehiscence of 
the skin. Treatment with mineral paste, healing after 4 weeks

Fig. 15.32  Infected abdominal wound, treatment with mineral granules. Condition after 8 weeks
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study of the skin as well as a study of the mucosa would be relevant for various 
indications. This product makes it possible to restore tissue defects at low cost.

15.23	 �Summary and Conclusion

The facial prosthesis is a suitable means of concealing a superficial tissue defect 
aesthetically. It satisfies the need to minimize surgical trauma in order to protect the 
patient and reduce tissue injury. The goal of surgical prosthetics and epithetics is to 
create an optimal bed for fixation of the prosthesis in a defined position with mini-
mally invasive surgery and to prevent dislocation of the prosthesis so that the patient 
experiences no additional psychosocial trauma. The therapeutic concept therefore 
includes preoperative patient counseling and consultation among colleagues regard-
ing pre-prosthetic surgery. The patient needs to understand the final result that he can 
expect, the opportunities provided by biocompatible materials, and their biomechan-
ical limitations with regard to uneventful and satisfactory function in the long term.

The aim of maxillofacial prosthetics was primarily artistic and aesthetic [16, 17], 
and excellent results are currently obtained, with outstanding individual surgical 
and epiprosthetic achievements being particularly noteworthy. However, given the 
innovations in prosthetics and in view of the high number of cancer cases, new 
rehabilitation concepts with a broad range of clinical applications in facial and 
somatic prosthetics are clearly desirable [30]. There is a tendency to involve facial 
prosthesis design as a porous scaffold for restoration. Incorporation of tissue-
integrated prosthetics will increasingly become an interdisciplinary challenge 
involving surgery, prosthetics, and materials science, which is why this area of reha-
bilitation is referred to collectively as surgical prosthetics and rehabilitation [48]. 
Meanwhile, we have shown that extensive chronic soft tissue defects and wounds 
with MRSA can be restored with this mineral medical device [32, 33].

Ulcer of the lower leg, condition after 4 weeks of treatment. Diabetic foot syn-
drome: amputation of the fourth toe and then relapse. Diagnosis: amputation of the 
foot. The foot nine days after first treatment. Healing with minimal scarring after 15 
weeks.
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16Tissue-Engineered Maxillofacial 
Reconstruction: Focus on Bone

Riitta Seppänen-Kaijansinkko and Risto Kontio

16.1	 �Introduction

There are two main principles for maxillofacial reconstruction. The reconstructive 
surgery should provide form and enable function of oromaxillofacial (OMF) region. 
The facial skeleton has an extreme complex structure, and reconstruction should 
restore volume, shape, bone continuity and symmetry of bone skeleton. On the 
other hand, OMF soft and hard tissues enable several functions like mimics, masti-
cation, swallowing and articulation. The reconstruction should be considered as 
marriage of both aesthetic and reconstructive objectives.

Depending on the severity of deformity or defect, there are several surgical 
options to overtake the goals of these principles [1]. In simple defects, a direct clo-
sure or skin/bone graft is often sufficient. In more complex situations, distant flap or 
microvascular free flap is essential to reach the best possible result.

At present, free flap reconstruction is the golden standard for OMF in complex 
deformity or defect repair. However, there are several drawbacks in free flap recon-
struction of OMF region. The volume and the shape of facial skeleton are difficult 
to obtain with composite free flap options available, such as deep circumflex iliac 
artery (DCIA), fibula or scapular flap due to their original anatomy. The supply of 
suitable bone is limited especially in osteoporotic, paediatric and oncological 
patients. The operation is also time consuming due to fact that bone flaps are 
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relatively difficult to raise and require shaping to achieve proper form. Especially 
complex maxillary defects are extremely difficult to reconstruct satisfactorily. 
Finally, the donor site complication rate is significant.

Both computer-aided design (CAD) technology for surgery and tissue engineer-
ing and regenerative medicine (TERM) have evolved considerably during the last 
5–10 years [2, 3, p. 17, 4–6]. The combination of these two may in the near future 
give novel tools for OMF reconstructive surgery. It is quite natural that these two 
separate technologies support each other and will enable complex reconstructions in 
the future [7]. TERM will provide proliferating cells with vital environment, and 
CAD technology enables anatomically precise scaffold and matrix manufacturing 
to guide proliferating cells to right form and to allow regeneration and maturation of 
tissue, replacing accurately the OMF defect [8].

There are several translational and clinical research projects regarding CAD and 
TERM at the present [7–10]. A growing number of translational and clinical 
research reports are available related to stem cell bone reconstruction in OMF 
region [11–14]. Also, there are clinical reports of successfully performed recon-
structions using CAD–CAM (computer-aided manufacturing) technique in OMF 
region. A few reports of OMF reconstruction using the combination of these two 
above-mentioned techniques have appeared to literature during recent years [15].

16.2	 �Computer-Aided Simulation, Planning 
and Manufacturing

The focus of CAD–CAM technology in medicine is to enable detailed planning and 
simulation of surgery [4, 16]. Furthermore, it should support implant design [17]. 
As a consequence, it should shorten operation time, improve recovery of the patient 
and lower morbidity. The definitive objectives are to improve the form and function 
of OMF skeleton and provide better quality of life compared to traditional surgical 
reconstructive techniques (Fig. 16.1).

a b

Fig. 16.1  (a) Virtual planning of maxillectomy of a 12-year-old male with SCC. (b) The jig to 
guide the surgery was rapid manufactured (RP) based on virtual 3D model
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Traditionally, the CAD–CAM in medicine is considered as a path of four con-
secutive phases: (1) CT 3D imaging data; (2) data conversion, CAD; (3) planning of 
surgery/manufacturing of implant; and (4) actual surgery accordingly.

At the present, when an increasing number of CAD–CAM in medicine studies 
are available, the process of computer-aided simulation (CAS), planning and manu-
facturing has proven to be much more complicated [4, 16, 18]. It seems that there 
are at minimum seven critical stages, which may interfere with the process. Firstly, 
the CT imaging process has an utmost importance. The relevant factors like gantry, 
tilt, slice thickness and distortion should be adjusted properly in order to avoid 
incorrect database. Secondly, the preset CT algorithms have a great influence on 
data. Algorithms are to modify the accentuation of shades of grey colour. The 
human eye recognizes less than thirty grey shades, but the CT may produce up to 
1000 shades. Algorithm computation emphasizes the essential shades to achieve 
best possible resolution for tissue in question. This means that original range of the 
grey shades is distorted and CAD virtual image is therefore not accurate compared 
to original anatomy. Thirdly, data formats of CT and formats of CAD are not com-
patible, and conversion from surface geometry format to volumetric format is man-
datory. Although this process is semiautomatic, even automatic in some cases, it 
includes risks for errors. After these phases, the virtual 3D image is available for 
surgeon and engineer for planning and simulation of surgery and design of possible 
implant. Virtual implant can be manufactured directly to solid model using 3D 
printers or laser rapid prototyping techniques.

The implementation of virtual planning and simulation into clinical operation 
needs consideration [19]. There are a few options to carry out operation according 
to the virtual planning. One is to use navigation to ‘bridge’ virtual and real. Another 
choice is to use ‘jigs’ or guide blocks to execute the virtual plan. However, risks for 
errors in this phase of surgery are significant. The same risk exists with implant. 
Regarding implants, in Europe, the devices  implanted to human being (like surgi-
cal implants) need to meet several specifications and directives such as Directive 
93/42/EEC/Article 1, Directive 2007/47/EU and ASTM F136 – standard among 
others. This is significant when considering implant printing processes and 
materials.

16.3	 �Tissue Engineering and Regenerative Medicine (TERM)

The gold standard for reconstructive bone surgery is autologous bone, either free 
graft or free vascularized flap. Autologous bone defines criteria for ideal implant: 
histocompatible, non-immunogenic, osteogenetic, osteoinductive and osteoconduc-
tive. But there are several drawbacks of autologous bone, both at the donor and at 
the recipient site. It would therefore be ideal to build up the bone at the reconstruc-
tion site, at the distant site or outside of the patient and transfer it into defect area.

Tissue engineering and bone regeneration process requires several components 
that should support the growth and maturation of the bone. At the present, certain 
components are considered to have prominent role in the process. An 
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osteoconductive matrix is essential to support the ingrowth of cells and to enhance 
new bone growth. Osteoinductive proteins are required to start and maintain the 
mitogenesis of undifferentiated cells. Osteogenic cells are necessary to generate 
new bone. In the bioreactor or human tissue environment, the above-mentioned 
components refer to matrix = biomaterial, to cells = stem cells/osteoblast precursors, 
to osteoinductive proteins = cytokines and morphogenetic proteins and to angioin-
ductive factors = cytokines/growth factors.

The matrix should provide tissue-specific environment, architecture and scaffold 
to enable bone formation. It should be osteoinductive/osteoconductive, give 
mechanical support, facilitate cell attachment and support cellular communication 
by allowing diffusion of nutrients and by allowing signalling of cytokines and 
growth factors. There are several bone substitutes, both alloplastic and allografts, 
that are candidates for ideal matrix. The most studied and clinically used materials 
are beta-tricalcium phosphate (β-TCP) and biphasic calcium phosphate (BCP) [9, 
10, 15, 20–22]. There are also several published reports on ceramics and bioactive 
glasses used for bone substitute [23, 24]. Allografts have been shown to be effective 
to support bone growth and regeneration. Most known materials are anorganic 
bovine-derived hydroxyapatites and cancellous bone allografts.

It remains unclear what are the most suitable cells for tissue engineering and 
bone regeneration. There are several options available such as mesenchymal stem 
cells, bone marrow stromal cells, osteoblast precursors and periosteal cells [2, 25, 
26]. In human environment, if periosteum is left unchanged, external cells might be 
superfluous due to migration of remaining periosteal cells. However, it is difficult to 
assess the efficacy of matrix and cell combinations.

Osteoinductive proteins are capable to modulate proliferation and differentiation 
of precursor cells to osteoblastic course. The most studied proteins are BMPs 
(BMP-2, BMP-7) and TGF-β. The focus of the research has been to optimize phar-
macokinetics and to immobilize the proteins within the matrix. Angioinductive 
growth factors (e.g. VEGF and β-FGF) have several potential mechanisms through 
endothelial cells and local tissue matrix to enhance capillary ingrowth. Their clini-
cal importance is unclear although wide translational research is ongoing [27, 28]. 
Nevertheless, the rationale of enhancing angioinduction potential is to enable ade-
quate vascularization for cell survival and bone formation.

16.4	 �TERM, Clinical Fundamentals

The fundamentals of bone regeneration are growth, maturation and bone mainte-
nance. Bone growth is related to cells, scaffolds and matrix. Maturation requires 
successful graft incorporation. Continual maintenance is mandatory for engineered 
bone survival and permanence. The maintenance refers to mobility, load-bearing 
capacity, haematopoiesis and continuous resorption–renewal–remodelling pro-
cesses. CAD–CAM technique enables design and manufacturing of both micro- and 
macrostructure of matrix resulting in directing the shape of the forming bone to 
desired goal.
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Bone grafts, including bone marrow, have been in clinical use for reconstruction 
for many years. A few reports on the use of stem cells or progenitor cells have been 
published, most of them in vitro or experimental in vivo work.

Autologous mesenchymal cells are an attractive alternative for bony reconstruc-
tion, as there is no rejection and they do not carry any infectious agents. They can 
often be obtained in large quantities. They are multipotent cells and can undergo 
osteogenic, chondrogenic, adipogenic, neurogenic and myogenic differentiation 
in vitro [29, 30]. When autologous cells are handled and prepared without animal-
derived material in good manufacturing practice (GMP) standard clean rooms, the 
cells can be considered safe for clinical cell therapy applications and are called as 
advanced therapy medicinal products (ATMPs).

Growth factors are also key factors in regenerative medicine. The bone morpho-
genic proteins (BMPs) are part of the transforming growth factor beta (TGF-beta) 
superfamily and have been shown to take part in bone and cartilage formation, frac-
ture healing and repair of other musculoskeletal tissues [31]. Of this superfamily, 
osteoinductive growth factors rhBMP-2 and rhBMP-7 have been accepted for clini-
cal use. They induce ossification by recruiting mesenchymal cells from surrounding 
tissues and enabling their differentiation towards osteoblasts [32].

16.5	 �Recent Clinical Developments

16.5.1	 �Cells

There are not very many clinical trials on stem cells used in tissue engineering for 
major maxillofacial reconstruction. With search words ‘stem cells’, ‘bone regen-
eration’ and ‘maxillofacial’, only two trials were found registered in clinicaltrials.
gov on March 15, 2015. If search word ‘maxillofacial’ was left out, it resulted in a 
list of 85 registered clinical trials, but they all were not related to bone 
regeneration.

In the English literature, only some case report-type studies in humans have been 
published [9, 10, 15, 33]. The cells used have been MSCs derived from bone mar-
row or adipose tissue. They have been used with different types of carriers and 
containments (scaffolds) and sometimes with added growth factors.

The limiting factor at the moment is the high cost of producing stem cells for 
tissue engineering purposes in special GMP – class clean rooms. However, as tech-
nology advances, we most likely will be able to manufacture cells on site, or the 
cells are available as off-the-shelf products.

16.5.2	 �CAD/CAM

The computer-aided reconstruction can be performed either using direct or indirect 
technique. Indirect technique refers to process where CT data is simply converted to 
STL format and manufactured into solid model; in other words, virtual anatomy is 
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converted into an exact 3D solid replica. The simulation, planning and implant 
design is carried out on solid 3D replica. The implants are manually prepared on the 
3D replica, too. Direct technique refers to process where all phases are carried out 
fully digitally including the jigs (guide devices) and implants. These virtual objects 
are then manufactured by direct 3D printing or laser rapid prototyping technique if 
required [34] (Fig. 16.2).

16.5.3	 �Clinical Reports

There are only few reports where OMF defect reconstruction has been performed 
using computer-aided technology and stem cells or bone marrow cells.

One of the first reports came from Kiel, Germany. Warnke with his group repaired 
mandible continuity defect using vascularized custom-made bone flap with indirect 
technique [35]. The CT data of the patient was uploaded to CAD software, and the 
defect reconstruction of the mandible was virtually simulated and planned, and vir-
tual implant was designed to repair the defect. The virtual implant was then con-
verted into solid 3D Teflon replica. Teflon replica was used as a model to shape 
titanium mesh accordingly. This was done manually. Titanium mesh scaffold was 
filled with bovine bone mineral blocks combined with recombinant human BMP-7, 
bovine collagen type 1 and autologous iliac crest bone marrow. The scaffold was 
then implanted into the patient’s latissimus dorsi muscle. Seven weeks later, the flap 
including the newly formed heterotopic bone and the titanium scaffold was raised 
as microvascular flap to reconstruct the patient’s mandible continuity defect. After 
the follow-up of 4 weeks, the patient was able to use her mandible and was satisfied 
with the aesthetic outcome. The authors conclude that heterotopic bone induction to 
form a mandible replacement in a human being is possible. Furthermore, this tech-
nique allows for a lower operative burden compared with conventional techniques 
by avoiding creation of secondary bone defect.

A few years later, on 2011, Zétola and his coworkers published a report of man-
dible defect repair using recombinant human bone morphogenetic protein-2 

a b

Fig. 16.2  (a) Virtual 3D image of orbital floor reconstruction mesh plate to repair orbital wall 
fracture. A lateral ledge was designed to guide the plate into right anatomic position during the 
surgery. (b) The solid titanium plate manufactured using direct metal laser sintering technique; 
note the lateral guiding ledge
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associated with collagen sponge, autogenous bone chips and synthetic hydroxyapa-
tite and β-TCP blocks. The mandible continuity defect was due to ameloblastoma 
resection, and an indirect technique was executed. The titanium reconstruction plate 
and titanium scaffold filled with the above-mentioned combination were implanted 
into the defect area. The collagen with rhBMP-2 was superposed above the open 
titanium mesh to allow muscle cells and periosteum to migrate to the defect area. 
After the follow-up of 7 months, the patient had stable occlusion and mandible. The 
control CT showed good bone formation directed to the centre of the defect. The 
authors concluded that the reported reconstruction technique gave a satisfactory 
result with less invasive surgery and with minimum morbidity. However, studies 
with larger number of patients are required to indicate the treatment modality as a 
routine in cases of bone continuity defects.

The largest experience of the use of autologous stem cells with 13 consecutive 
cases of craniomaxillofacial hard tissue reconstruction has been published by 
Sándor et al. [10]. The group reported on reconstruction of defects at four anatomi-
cally different sites, namely, frontal sinus (three cases), cranial bone (five cases), 
mandible (three cases) and nasal septum (two cases). Expanded (according to ATMP 
principles) autologous adipose-derived stem cells (ASCs) were used with biode-
gradable material (beta-TCP or bioactive glass). In some cases, recombinant human 
bone morphogenetic protein-2 was also used.

In the mandible, continuity defect repair was carried out using computer-aided 
surgical planning and ASCs. After resection of ameloblastomas, in all three cases, 
the defect was repaired with ASCs, β-TCP granules, rhBMP-2 and indirect custom-
made titanium scaffold. The patients were followed between 27 and 51 months. In 
all three patients, the healing was uneventful. Two patients received a total number 
of seven dental implants later, which are being loaded in masticatory function. The 
authors concluded that although results are promising, further research is needed 
with animal studies and long-term human series. This view is supported by other 
research groups, too.

Matsuo et al. [36] used indirect technique in mandible defect repair. After surgi-
cal simulation, a PLLA patient-specific mesh tray was manually prepared and filled 
with hydroxyapatite. Intraoperatively, particulate cancellous bone marrow was har-
vested and with platelet-rich plasma placed into the tray. Two patients with mandi-
ble defect were included to the study. The follow-up was 28 and 33 months. One of 
the patients received dental implants after 10 months of the initial surgery. The 
heterotopic bone was macroscopically well formed. The CT evaluation showed 
good bone quality. However, the authors concluded that there are several limitations 
to the trial.

Mesimäki and coworkers reported a successful maxillary defect reconstruction 
using microvascular flap with heterotopic bone in the year 2009 [15]. The male 
patient had a hemimaxillary defect due to resection of a keratocyst. The patient did 
not tolerate removable obturator prosthesis. The repair was decided to execute using 
heterotopic bone flap. A combination of ASCs, β-TCP granules and rhBMP-2 with 
indirectly manufactured titanium scaffold was implanted into the rectus abdominis 
muscle. After 8 months, the rectus muscle with maturated heterotopic bone was 
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raised and transferred into maxillary defect area. The anastomosis of flap recipient 
vessels was performed to neck vessels and flap was fixated with titanium plates. 
After uneventful healing of 1 year, dental implants were inserted to heterotopic 
‘neobone’ and subsequently loaded in masticatory function. The histology con-
firmed normal bone tissue in heterotopic bone area. The same group performed 
similar reconstruction to a male patient after total maxillary defect. The combina-
tion of ASCs, β-TCP granules and rhBMP-2 in polylactide scaffold was implanted 
into the anterolateral thigh (ALT) flap. Computer-aided design with indirect tech-
nique was used to shape polylactide scaffold (Fig.  16.3). At the same time, the 
titanium patient-specific (PS) reconstruction plate to fixate the future ‘neomaxilla’ 
was designed and manufactured using direct computer technique and laser rapid 
prototyping. After a maturation of 7 months, the microvascular ALT flap with het-
erotopic bone was raised and placed into the area of resected maxilla. The orienta-
tion and fixation of the flap were secured with PS reconstruction plate. After eventful 
healing of 5 months, the dental implants were placed and occlusion was established 
with removable prosthesis (not yet published) (Fig. 16.4).

Same research group used similar direct CAD–CAM technique and tissue engi-
neering to repair mandible defects. Fourteen patients were included into the study. 
Most of the patients had squamous cell carcinoma followed by ameloblastoma. The 
surgery was simulated and patient-specific implant (PSI) designed on virtual model 
by ProEngineer software. The PSI was a combination of scaffold and reconstruction 
plate with screw holes (Fig. 16.5). The virtual PSI was manufactured using Arcam 

a b

Fig. 16.3  (a) β-TCP seeded with autologous ASCs and rhBMP-2 is transferred into PLA scaffold. 
(b) The PLA zygomatico-maxillary scaffold is designed and manufactured using 3D computer 
modelling technology
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Fig. 16.4  (a) Same patient case as in Fig. 16.3; 3D image shows total maxillary defect. (b) Fusion 
3D image, 3D image superimposed with pre-resection 3D (maxilla in red), post-resection skull (in 
grey), and PSI virtual reconstruction plate (in blue). (c) Maxilla replicas 3D printed to be used to 
shape the PLA scaffolds. (d) Right maxilla replica and PLA scaffold. (e) Both scaffolds filled with 
ASC, β-TCP and rhBMP-2 implanted into left ALT region. (f) The flap with the neomaxilla is 
raised after 8 months of implantation. (g) The maxillary defect reconstructed with the combination 
of ALT and neomaxilla, fixed with PSI titanium rapid prototyped reconstruction plate, lateral view. 
(h) PTG showing neomaxilla in place with dental implants. (i) Clinical intraoral image showing 
dental implants in place. (j) Prosthesis fixed with implants

a b

c d

e f
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i j

g h

Fig. 16.4  (continued)

a b

c d

Fig. 16.5  (a) 3D planning of resection of mandible due to gingival SCC; note the two jigs to 
guide the surgery. (b) Virtual plate with inbuilt scaffold, designed to reconstruct the mandible 
defect. (c) Jigs in place and the resection of mandible performed accordingly. (d) Solid titanium 
reconstruction plate manufactured using direct metal laser sintering technique
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a b

c

Fig. 16.6  (a) Virtual 3D of patient with stage 3 ONJ in the mandible; note virtual subtotal man-
dible resection and part of neomandible and PSI reconstruction plate. (b) Intraoperative image 
showing mandible resection and 3D printed mandible with PLA scaffold and PSI rapid prototyped 
reconstruction plate. (c) 6-month postoperative 3D CT image showing maturation of β-TCP and 
maybe new bone formation. Patient was symptomless, without any fistulas or pain

electron beam melting technology to solid titanium PSI. During the surgery, PSIs 
were filled with β-TCP granules (ChronOS granules 1.4–2.8 mm, Synthes, Oberdorf, 
Switzerland) and with autologous cancellous bone chips harvested from iliac crest. 
With ameloblastoma and drug-induced osteonecrosis cases, BMP-2 (Inductos®) 
soaked in a sponge was placed to cover the cage to improve the bone formation. 
Finally, PSI was covered with collagen membrane and either radial for arm or ALT 
microvascular flap. The follow-up was between 9 and 24 months. The overall recov-
ery of the patients was favourable. The facial appearance with respect to symmetry 
and continuity of the mandible was obtained (Fig. 16.6). Three patients had a major 
complication. Major dehiscence through the mucosa and/or microvascular flap leads 
to infection, and the PSI is needed to be removed. In these patients, the mandible was 
re-reconstructed with a deep circumflex iliac artery (DCIA) composite microvascu-
lar flap. The authors concluded that PSI combined with tissue engineering seems to 
be a promising solution for treatment of patients demanding large reconstruction of 
the mandible. Extreme caution should be exercised to avoid soft tissue injury or 
dehiscence during the surgery and follow-up (not yet published).

The neovascularization with prompt recovery of nutrition is considered to be a 
key issue of bone regeneration. Kokemueller et al. [37] reported a clinical case of 
craniomaxillary defect that was reconstructed with the combination of autologous 
iliac crest bone marrow, β-TCP and rhBMP-2 in titanium scaffold. They designed 
and produced β-TCP cylinder that had central passage with a diameter of 7 mm. The 
cylinder was implanted into the latissimus dorsi muscle. Perforator vessels were 
placed into central passage to enhance capillary growth. After 6 months, the flap 
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with heterotopic bone was raised and transferred to OMF defect. There were no 
complications during the follow-up of 1 year. The authors conclude that the use of 
autologous bone marrow and β-TCP block with central vessels to repair OMF bone 
defects is reliable and well tolerated. Furthermore, most of the donor site morbidity 
can be avoided with this technique. The research group did also experimental stud-
ies with same protocol, and the results confirmed the clinical achievements.

�Conclusions
There is no doubt that in the future patients are able to benefit from developments 
both of regenerative medicine and of computer-aided design and manufacturing. 
The scientists and clinicians are continuously challenging the limits of biotech-
nology and tissue engineering. There are multiple open questions. One of the 
most essential issues is the ideal combination of biomaterials, growth factors and 
stem cells. It is also unclear whether angiogenic factors are required to develop 
heterotopic bone to enhance the nutrition for cells. Although functionally and 
anatomically proper OMF bone cannot be produced at the present, there is good 
evidence that the methods will develop and reliable computer-designed and tis-
sue-engineered bone identical to the missing bone part will be available in the 
near future.
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17Face Transplantation

R.F. Lohman, C. Ozturk, and A.H. Dorafshar

17.1	 �History and Ethical Aspects of Face Transplantation

Penetrating trauma, burns, congenital disorders, and tumor excision can cause com-
plex wounds involving several different types of tissue, leading to severe facial disfig-
urement. Patients may lose the ability to eat, smell, breathe, speak, and see normally. 
Often these patients require a permanent feeding tube and tracheotomy. Equally 
important, patients also lose the ability to communicate their emotions to others by 
way of their facial expressions. These circumstances lead to diminished feelings of 
self-worth and social isolation. Prior to the era of facial transplantation, reconstruc-
tion of major facial defects involved a prolonged series of challenging operations that 
typically combined various types of flaps, grafts, and prosthetic material. Patients 
were commonly subjected to dozens of operations. Aside from the need for multiple 
operations, other major drawbacks to this approach include expense, frequent com-
plications, and the need for multiple flap and graft donor sites. Furthermore, the 
results of staged reconstruction, especially for central facial defects, are often so poor 
that patients frequently withdraw from routine social interactions. Writing in 2002 on 
the pages of The Lancet, Peter Butler called attention to this problem and wondered 
if transplantation was “fantasy or the future” for facial reconstruction [1].

Butler pointed out that face transplantation was feasible based on state-of-the-art 
surgical technique and the contemporary knowledge of immunology. His article 
sparked a discussion about whether or not face transplantation was a worthwhile 
goal for organized medicine to undertake [1]. Several ethical questions had to be 
considered and resolved before moving ahead. Given that facial disfigurement is not 
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usually considered a life-threatening condition, was it appropriate to offer these 
patients an untested and potentially very risky operation? Moreover, current immu-
nosuppression therapy is associated with approximately 10-year reduction in life 
expectancy, and some questioned if this was a reasonable trade-off. Some authors 
worried that by taking the face of another person, the recipient’s sense of identity 
would be profoundly altered. Still others were concerned that facial transplantation 
would become an elective procedure available to people who simply wanted to 
change their facial appearance. The discussion was not restricted to the medical 
literature and it became a topic in the popular media as well; for the most part, pub-
lic acceptance of face transplantation seemed to lead that of medical professionals.

By 2004, Maria Siemionow’s group in Cleveland had the first Institutional Review 
Board (IRB)-approved protocol in place and started to evaluate patients. In 2005, 
Bernard Devauchelle and Jean-Michel Dubernard from Amiens, France, carried out 
the first partial face transplant; Joan Pere Barret et al. from Barcelona, Spain, carried 
out the first full-face transplant in 2010. Few months later Laurent Lantieri et al. from 
Lyon, France, performed the full-face transplant including lacrimal glands and lacri-
mal ducts [2]. To date (March 2015) 30 facial transplants have been performed at 
various locations around the world [2, 3]. Although four patients died after surgery, 
the other patients have fared well; both objective functional outcomes and esthetic 
appearance have steadily improved [2, 3]. At present, facial transplantation is cer-
tainly not considered mainstream therapy, but there has been steady growth in the 
number of academic centers interested in offering the procedure.

17.2	 �Current Indications

Patients most likely to benefit from facial transplantation are those with congenital 
deficiency/malformation or injury of the central face. Surgical restoration of severely 
disfigured lips, nose, eyelids, jaws, etc. is very difficult. Results that are both func-
tional and cosmetically acceptable are rare, especially when the defect involves mul-
tiple facial units. Penetrating trauma, ballistic injuries, and major burns account for 
most of the injuries that have been treated by facial transplantation [2]. Other indica-
tions have included collagen vascular disorders and advanced neurofibromatosis type 
I. A defect resulting from a locally aggressive benign tumor might be a reasonable 
indication for facial transplantation, but only several years after curative excision. 
However, a defect resulting from excision of an advanced malignant tumor is an abso-
lute contraindication to facial transplantation according to most surgeons, because of 
the high risk of recurrence (or a second primary lesion) associated with immunosup-
pressive therapy. Despite these concerns, some authors believe transplantation may 
become a useful technique for delayed reconstruction in patients who have undergone 
excision of malignant tumors. Pedro Cavadas from Valencia, Spain, performed a par-
tial facial transplantation, including the lower third of the face with the tongue, for a 
patient with a defect resulting from resection of malignant tumor and radiation ther-
apy. The patient, who was also infected with human immunodeficiency virus (HIV), 
died 5 years after the transplantation [4]. Initially, facial transplantation was only 
considered for patients who did not have a satisfactory result after conventional 
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reconstruction. However, as results improve, facial transplantation may become the 
preferred method of primary reconstruction of some defects. It seems unlikely that 
facial transplantation will be used for acute reconstruction, but this idea has also been 
challenged. In 2013, in Gliwice, Poland, surgeons performed urgent facial transplan-
tation for a 33-year-old male patient with severe midface injury caused by an indus-
trial accident involving stone-cutting machinery. The surgery was described as 
world’s first life-saving face transplant and was performed 3 weeks after the injury.

To be considered for facial transplantation, patients must be fit enough to with-
stand a long operation, able to understand and participate in therapy after surgery, 
and to comply with immunosuppressive protocols. Patients must also clearly under-
stand the risks and benefits of facial transplantation. The risks associated with facial 
transplantation include, but not limited to, allograft failure, rejection, immunosup-
pression toxicity, increased risk of malignancy, psychosocial issues, the risk of 
diminished life expectancy, and potential long-term financial burdens [5]. Patients 
who are unable to consent are not candidates, and for the time being, this includes 
children. Patients with HIV and active bacterial or fungal infections are also usually 
excluded. A prior suicide attempt is generally not considered a contraindication, but 
all patients must first undergo a rigorous psychiatric evaluation. There are two impor-
tant aims of this evaluation: to determine how the patient will tolerate the multiple 
sources of psychosocial stress expected to occur after surgery and to asses their 
understanding of the consent process. Some groups have excluded blind patients 
from consideration because they believe these patients would have difficulty recog-
nizing skin changes associated with early rejection, thus increasing the risk of graft 
loss. Blind patients may also have difficulty with facial reanimation therapy after 
surgery, which depends on visual feedback for best results. Other groups believe 
exclusion of blind patients amounts to unethical discrimination [6]. They also point 
out that blind patients have been able to feel inflammatory changes occurring in their 
skin during rejection and have recovered motor function in the transplanted tissue 
despite their lack of sight. Facial transplantation for burn patients has also been prob-
lematic. It has been difficult to find potential donors for patients who previously 
required extensive care in a burn unit because they often have high levels of reactive 
antibodies. Some authors have hypothesized these antibodies are related to the use of 
cadaver skin grafts and blood products during early burn management [5]. In the near 
future, the indications for facial transplantation are likely to remain individualized 
and dictated by local research protocols. But as clinical experience expands, the indi-
cations for facial transplantation are also likely to increase in parallel.

17.3	 �Organizing a Multidisciplinary Team

Only a few centers are currently performing facial transplantation. The teams at these 
centers often required years to assemble and are made up of people from several dif-
ferent backgrounds. Few team members have sufficient breadth of knowledge to be 
familiar with all aspects of the procedure. Instead, most team members have a deep 
understanding of few particular areas. For this reason, there should be redundancy at 
each position, so that there are no gaps in the team’s expertise when one person is 
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traveling or busy with other responsibilities. It is especially important for the team to 
have a strong leader, but also a leader who is comfortable delegating some tasks and 
decisions to others. Over time, team members may come and go, so organizational 
learning is critical: the team must understand how to acquire and retain the knowl-
edge it gains with experience and how to pass that knowledge to new team members, 
or even to outside organizations. Most importantly, the team members must work 
well with each other and be devoted to success of the project.

The team leader is usually a surgeon with a strong research background and 
knowledge of facial injury and reconstruction. The team leader usually develops the 
initial protocol and then works to coordinate activities between the operative group, 
other medical specialists, the IRB, organ procurement groups, hospital executives, 
outside funding agencies, and any other stakeholders. The team leader is usually 
supported by a project manager, who monitors day-to-day details to make sure the 
protocol is followed correctly, guides patients through the process from initial eval-
uation to aftercare, and may oversee related financial issues.

The operative group is made up of a lead surgeon, who has substantial experi-
ence with craniofacial operations and especially skilled at managing these prob-
lems. The lead surgeon may, or may not, be the same person who serves as team 
leader. At least four or five other experienced surgeons should also be included in 
the team. This facilitates simultaneous recovery of the allograft and preparation of 
the recipient by two surgeons at each location, and also means an adequate number 
of personnel are always available even some are away from the institution. The team 
should also include a transplant surgeon and an otolaryngologist experienced with 
sinus surgery and endoscopy. Other than surgeons, the operative group must include 
transplant anesthesiologists who are also experienced with challenging craniofacial 
cases. The anesthesiologists are full-fledged members of the team; they should par-
ticipate in advanced planning and be familiar with all appropriate clinical details 
before surgery. To the extent possible, during facial transplantation the operating 
rooms should be staffed by nurses and technicians who choose to participate in the 
program, have been briefed ahead of time, and are familiar with the techniques and 
equipment used for craniofacial reconstruction. If everyone participating in the pro-
cedure knows what to expect, the operation is more likely to go smoothly.

Help from many medical disciplines is critical for the success of the transplant 
program. Thus the team also includes dedicated psychiatrists, transplant immunolo-
gists, pathologists, radiologists, infectious disease experts, and critical care special-
ists. Nutritionists, dentists, and orthodontists should also be available. Social 
workers play an essential role by helping the patient learn about the innumerable 
details related to matters such as immunosuppression, medications, and re-engaging 
with society. Therapists specialized in facial reanimation, speech, and swallowing 
are required to help maximize the potential for functional recovery. An advocate, 
who can be someone from the hospital’s patient advocacy office, an outside medical 
or legal professional, or even a friend or family member, represents the patient; this 
person is a necessary part of the informed consent process and provides an extra 
layer of protection for the patient’s interests. An ethicist is also required, primarily 
to ensure that recipient’s interests are served, but also to ensure that the team makes 
decisions according to current ethical standards.
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17.4	 �Preoperative Planning

17.4.1	 �Developing a Protocol

Facial transplantation is not a universally accepted reconstructive technique. The 
operation is complex and potentially risky; any group wishing to start a program 
will require substantial organizational support. Because the methodology for facial 
transplantation has not yet been standardized, a detailed protocol and IRB approval 
are also required. The protocol is important to specify the indications and contrain-
dications for both the recipient and donor, as well as to delineate duties and expecta-
tions for the various personnel involved. The protocol also specifies the steps 
necessary before, during, and after the procedure; this helps minimize the risks that 
may occur if unexpected circumstances arise. A thoroughly engaged IRB is also 
important to ensure all decisions that may impact patient safety are carefully con-
sidered. The combination of a well-functioning team, a robust protocol, and a sup-
portive IRB is essential for a program to operate with minimal morbidity. Several of 
the pioneering teams have published their protocols, and these documents can serve 
as useful templates for start-up groups. While each new program will probably need 
to develop a unique protocol, they have many core elements in common. This style 
of cooperation facilitates the growth of shared knowledge and cuts down on devel-
opment time for new programs.

17.4.2	 �Patient Selection and Surgical Planning

Before any potential patient is listed as a potential recipient for a facial allograft, a 
through psychiatric evaluation is performed; social workers assess their out of hos-
pital support system, and bioethicists evaluate their ability to fully understand the 
risks and benefits of the transplant. For patients who are more than 50 years old, a 
complete medical evaluation is also indicated to ensure the candidate is fit to with-
stand a long operation and will tolerate immunosuppression. This workup generally 
includes a CT scan of the chest, abdomen and pelvis, and upper and lower GI endos-
copy and mammography as indicated to search for subclinical evidence of malig-
nancy. A complete dental evaluation is required to ensure any potential source of 
infection in the oral cavity is prophylactically treated. The remainder of the pre-op 
testing is summarized in Fig. 17.1.

In the next stage, the defect itself is evaluated in order to formulate a detailed 
plan for the operation. The plan will be customized to meet the needs of each par-
ticular patient. Imaging studies include arterial- and venous-phase CT angiography 
to determine which vessels are available. Supplemental ultrasound and standard 
angiography are usually needed to better define the location and quality of vessels, 
which may have been disturbed during previous operations or trauma. MR studies 
of the head and neck may be needed to further delineate the extent and nature of the 
soft tissue defect. CT scans with bone windows are used to assess the underlying 
bony architecture; 3-D image reconstruction is especially helpful and can be used to 
create models, which are also useful in planning aids. Sensory testing and nerve 
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Typical Pre-Transplant Evaluation

Blood Tests

CBC, Metabolic Panel, PT/PTT, Hemoglobin A1-C, Liver Function Tests, Lipid Profile,
HCG Pregnancy Test

Urine Tests

Urine Analysis including Toxicology Screening

Immunologic Tests

ABO Blood Typing and HLA Tissue Typing

Serology Tests

PPD or Interferon-Gamma Release Assay for TB, VDRL, Vericella Zoster IgG and IgM,
Toxoplasmosis IgG, HSV IgG, HIV, CMV IgG, EBV IgG, Hepatitis B Core AB, Hepatitis B
Surface Ag, Hepatitis C Ab

Cardiopulmonary Studies

EKG, Echocardiogram, PFT, other testing as indicated

Endoscopic Studies

EGD, Colonoscopy

Imaging Studies

Video and still Photography, Chest X-ray, Plain films of the hips, knees, head, neck
and face, Panorex of the jaw, CT and MR of the head and neck with 3-D
reconstruction, CT angiography of the head and neck, Venous ultrasound of the head
and neck, CT or MRI of the chest, abdomen and pelvis 

Psychosocial Measures

Mini-Mental State Exam, Reading and Verbal Learning Assessment, Recognition
Memory Test, Brief Visuospatial Memory Test, Trails A & B, Brief Symptom
Inventory, Affect Balance Scale, Rosenberg Self-Esteem Scores  

Occupational Therapy Studies

Specialty Consultations

Cardiology, Infectious Diseases, Ophthalmology, Ob-Gyn, Dentistry, Otolaryngology,
Psychiatry, Speech and Language Pathology, Occupational Therapy, Social Work  

Speech and Swallow Evaluation, Oral Competence, Facial Muscle Assessment,
Sensory Testing with monofilament and 2 Point Discrimination, Smile Excursion,
Facial Nerve Scoring, Video Analysis, Taste and Olfactory Assessment  

Functional & QOL Measures  

ADL Questionnaires, Pain Inventory, Satisfaction with Life Scale, Musculoskeletal
Function Assessment, Patient Health Questionnaire, Facial Disability Index

Fig. 17.1  Typical pre-transplant evaluation
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conduction studies are used to document pre-existing trigeminal nerve function; 
motor testing and EMG studies are used to evaluate facial nerve function.

After the preoperative evaluation, the surgical team will be able to form a catalog 
listing precisely what tissue will be needed to adequately reconstruct the recipient’s 
defect. It is helpful to think of defect as involving the upper, middle, or lower third 
of the face, or any combination of multiple thirds. The tissue types needed may 
include skin, muscle, nerve, bone, cartilage, teeth, and mucosa. Using this catalog, 
and the preoperative images, the surgeons can plan what must be excised from the 
recipient (scar and nonfunctional soft tissue, previously placed bone grafts, etc.) to 
recreate the initial defect. The surgeon should be prepared to excise normal areas of 
the recipient’s face to facilitate exposure or to place suture lines at the borders of 
facial esthetic units. Takamatsu et al. originally suggested that the superficial tem-
poral vessels should be the preferred recipient vessels for cases involving the upper 
third of the face, that both the superficial temporal and facial vessels should be used 
for middle third transplants, and that the great vessels of the neck should be utilized 
for lower third transplants [7]. However, clinical experience has shown that the 
entire face can be sufficiently perfused by a single facial artery.

Because of trauma or previous reconstructive operations, some recipient vessels 
may not be available. As the preoperative angiograms are reviewed, potential alterna-
tive vessels should be systematically considered, so the surgeon has two or three 
choices in mind before the operation starts. Typically these options include: local 
small vessels near the preferred vessels, regional large branches from the carotid and 
jugular system, and remote vessels near the base of the neck. Since the adjacent local 
vessels may be difficult to locate and may not have adequate flow, they are considered 
to be the option of last resort. Potential neurorrhaphy sites are also selected according 
to the results of preoperative EMG testing. If one or both jaws are to be included in the 
allograft, orthognathic modeling or CT-guided computerized modeling techniques are 
helpful to plan the orientation of the expected bone cuts and to determine how the 
various bone segments will fit together and which fixation techniques will work best. 
Here the goal is to minimize bony gaps that can delay union and to ensure appropriate 
occlusion after surgery. When the planning stage is complete, the team should have a 
clear mental picture of how the recipient defect will be prepared, what will be recov-
ered from the donor, and what will be necessary to fit the allograft to the recipient. 
During the planning stage, it is also reasonable for the team to consider a backup plan 
for managing the recipient’s defect in case there is catastrophic failure of the allograft.

17.4.3	 �Cadaver Practice

After developing an operative plan, practicing the procedure with fresh cadavers is 
vital. Cadaver practice and mock surgery can help identify potential problems with 
the operative plan, or areas that may pose particular technical challenges. It may be 
possible to modify the operative plan to mitigate these problems. Cadaver practice 
also allows the group to rehearse the operation, so each team member clearly under-
stands their role and how the sequential steps of the operation will proceed. If the 
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preoperative planning and practice sessions have been sufficient, the actual opera-
tion will be reasonably expedient, with few surprises. As a group gains experience 
with facial transplantation, the need for cadaver practice may diminish.

17.4.4	 �Planning for Recovery of the Donor Allograft

Planning for the recovery of the donor allograft must start well before a patient is listed 
for transplant. The local organ procurement organization should be contacted as soon 
as the team begins to form; their buy-in is an essential component for success. Organ 
procurement organizations may initially be reluctant to participate in recovery of a 
facial allograft because of concerns that potential donors may be put off by the idea, 
and therefore refuse to donate both standard solid organs and facial tissue. Until facial 
transplantation becomes more common, it may be best to use an entirely separate con-
sent process, including distinct forms and personnel, when discussing the recovery of 
the facial allograft with potential donors or families. Ideally, as many organs as possible 
are recovered with the facial allograft, and it may take several hours to procure the tis-
sue needed for facial transplantation. Therefore, brain-dead donors who are otherwise 
stable are preferred, and donors without a beating heart are avoided. The donor should 
also be of the same general age and size as the recipient. However, it is not essential to 
match the donor and recipient for sex and race. Facial hair growth will depend on levels 
of circulating hormones in the recipient rather than the sex of the donor. But a qualita-
tive match for the skin and hair tone is important, and it is useful to keep in mind that 
there may be more variation in the skin and hair tone between individuals of the same 
race than there is between individuals of different races. Details of how donor and 
recipient are to be matched are set out in the IRB-approved protocol and may vary from 
one institution to the next. Finally, it is essential to respect the appearance of the donor. 
A molded mask, composed of silicone or acrylic resin, must be made so that the donor’s 
facial can be restored immediately after procurement.

17.5	 �Sequence of the Operation

17.5.1	 �Surgery for the Donor

Once a suitable donor is identified, and there is consent to recover the facial allograft, 
immunologic matching is performed. At this point, transferring the donor to the same 
(or a nearby) hospital as the recipient has a number of advantages. Before recovery of 
the facial allograft starts, the entire operative team, including the anesthesiologists and 
all necessary medical and nursing personnel, are called to the hospital. If the donor 
and recipient are prepared simultaneously in adjacent operating rooms, members of 
the two teams can easily move between rooms to communicate with each other. 
Should discrepancies arise between the intraoperative findings and the previously 
determined plan, they can be resolved more effectively with everyone in the same 
location. An initial elective tracheostomy may also facilitate recovery of the facial 
allograft. This improves exposure and allows dissection around the upper airway to 

R.F. Lohman et al.



363

proceed more quickly and with less concern for dislodging or cutting the endotracheal 
tube. If the donor becomes unstable and cardiac death appears eminent, it may be 
necessary for the facial transplantation team to abandon their operation so that recov-
ery of other potentially life-saving organs can go ahead. Very little is known about 
how facial tissue will tolerate ischemia time and different strategies are available to 
coordinate recovery of the other organs. The facial allograft can be removed entirely 
before surgeons start to recover the other organs, or the facial allograft can be partially 
dissected, but allowed to perfuse in situ while the other organs are removed. After the 
aorta is clamped, the final cuts are made to liberate the allograft. Regardless of the 
sequence of events, they should be discussed in detail with the other solid organ trans-
plant surgeons so that everyone is aware of, and agrees to, the plan.

The nature of the soft tissue dissection, and the specific tissues recovered, depends 
on the nature of the recipient defect and the preoperative plan. The vessel and nerve 
stumps dissected as far proximally as possible, which usually requires removal of 
portions of the parotid gland. The stumps should be marked so that they can easily be 
identified when the time comes to connect them to the recipient. It is also important 
to maintain the soft tissue attachments between the bones and overlying skin and 
muscles. Portions of the maxilla included with the allograft will be nourished exclu-
sively by the periosteum; if there is extensive subperiosteal dissection, segments of 
the bone may be rendered avascular. Furthermore, if retaining ligaments that secure 
the skin are divided, there may be an excessive degree of ptosis. Although individual 
branches of the external carotid artery (namely, the facial, internal maxillary and/or 
superficial temporal) should adequately supply the allograft, it is more practical to 
include both external carotid arteries. This ensures the allograft will be adequately 
nourished by a large caliber vessel of sufficient length. The surgeon should visualize 
the entire course of the facial artery to be doubly sure that it is intact and does in fact 
supply the allograft. Bone cuts, particularly around the maxilla, can result in signifi-
cant bleeding and should be one of the last steps undertaken. Prior to the maxillary 
osteotomies, the orbital contents are removed or retracted (to preserve the corneas for 
transplantation elsewhere) in order to facilitate exposure, and then the internal maxil-
lary artery is divided. Great care is required when making bone cuts around the pos-
terior wall of the maxilla because the pterygopalatine plexus is in this area and may 
lead to excessive bleeding if disrupted. Once the allograft has been separated from 
the donor, the ischemia time is recorded. The facial allograft is then perfused with 
heparinized saline and University of Wisconsin (or similar) solution, cooled as 
needed, and transported to the recipient.

17.5.2	 �Surgery for the Recipient

While the donor tissue is procured, the recipient is also prepared. Injured tissue, 
scar, previous grafts, flaps, etc. are removed. As with the donor, the plane of dissec-
tion is usually anterior to the posterior wall of the maxilla and the skull base. After 
adequate debridement and dissection, the necessary target vessels are identified, 
controlled with vessel loops, divided, and flushed with heparinized solution. If teeth 
are present, the best possible occlusion is set, followed by osteosynthesis of the jaws 
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and facial bones as needed. In order to ensure adequate bony alignment, it may be 
necessary to remodel some of the bones with a few strategic cortical osteotomies. 
Definitive hardware is usually applied at this time. However, if for some reason the 
fixation is especially complex or there has already been a long ischemia time, it may 
be necessary to expedite the operation by initially applying provisional fixation and 
moving on the vascular work as quickly as possible. Alignment of the sinus ducts 
can be difficult, and various steps including DCR, mucosal excision, and/or eth-
moidectomy may be required to ensure proper drainage. After the bone hardware 
has been applied, the vascular anastomoses are completed. The arterial anastomoses 
are performed first. Connection of a single artery is sufficient to perfuse the entire 
allograft, but at least two vessels are recommended: one on the right and one on the 
left. This provides a margin of safety if one artery clots or is accidently injured dur-
ing a later revision operation. Although there has been considerable speculation 
about which vessels should be used in different circumstances, a handy approach is 
to simply make use of the largest healthy vessels available in the operative field. 
End-to-end anastomoses between external carotid arteries or between external 
carotid and facial arteries work well. Next, at least two large caliber venous anasto-
moses (one right and one left) are carried out to ensure adequate drainage.

Since the nerve connections are fragile and easily disrupted, they are delayed 
until after the bony fixation and vascular anastomosis are complete. Any function-
ing branches of the facial nerve should be preserved. Existing motor deficits are 
reconstructed by preserving appropriate facial nerve stumps in the donor tissue 
and then coapting them to the recipient facial nerve. The coaptation of nerve ends 
is performed using standard epineural suture repair and/or connectors with fibrin 
glue according to the surgeon’s preference. In order to facilitate coaption of the 
facial nerve branches, a mastoidectomy or superficial parotidectomy may be 
needed. Similarly, foramen around branches of the trigeminal nerve can be 
enlarged to facilitate exposure. Liberal use of available graft from the donor (great 
auricular nerve usually available in the adjacent wound) ensures the connections 
are tension free. Next, the skin and mucosal suture lines are completed. Excess 
donor skin can be left along one of the incisions and then biopsied after surgery to 
monitor for histologic evidence of rejection. Alternatively, a sentinel skin flap 
(e.g., radial forearm) from the donor can be used for the same purpose and then 
excised at a later date.

17.6	 �Management After Surgery

17.6.1	 �Post-op Care

After surgery, the recipient will stay in the ICU for routine post-op care and moni-
toring. Given the complexity and risks of the operation, in-patient care may be 
needed for several weeks. During this time, the surgical team assesses wound heal-
ing and monitors for problems such as infection and hematoma. The team also 
watches for signs of rejection, such as skin erythema, edema, and blistering. Input 
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from participating psychiatrists, transplant immunologists, and infectious disease 
specialists is especially critical in the first few weeks after surgery. As the patient 
stabilizes and prepares to transition out of the hospital, the focus shifts from acute 
care to rehabilitation. During this period, physical and occupational therapists, 
speech and swallow specialists, nutritionists, dentists, and social workers play a 
more active role. The patient will probably need to follow up in all of these clinics 
after discharge. Endoscopy, biopsies, and CT and MR scans are frequently used 
after surgery to evaluate healing and to check for signs of rejection. Blood tests are 
also required to guide immunosuppressive therapy and screen for potential 
complications.

17.6.2	 �Secondary Operations

Facial transplantation has proven uniquely successful for replacing the intricate 
functional units of the face. However, much like conventional methods of facial 
reconstruction, transplantation should probably not be thought of as a single stage 
operation. For many reasons, including skeletal discrepancies, early swelling, heal-
ing complications, and so on, most patients will likely benefit from operations to 
revise their facial allograft after transplantation. Generally, indications for revision 
are related to skeletal and dental occlusion issues, soft tissue factors, and miscella-
neous problems. For planning purposes, it can be helpful to consider each of them 
independently, but there may be considerable overlap between these areas. For 
example, repositioning the maxilla or mandible to improve occlusion will also 
change the position of the overlying soft tissues.

There can be several different types of skeletal problems. Even with careful 
attention to pairing the donor and recipient, the two skeletons will not precisely 
match and some gaps are expected where the two are fit together. If delayed union 
or asymptomatic nonunion occurs, in some cases no treatment may be required. 
However, if there is nonunion and eventually the hardware loosens or breaks, a seg-
ment of the facial skeleton will be unstable. This situation may lead to changes in 
occlusion, or asymmetry, and is likely to progressively worsen. When portions of 
the jaws and teeth are transplanted, it can be very difficult to achieve Class I occlu-
sion at the initial operation. Furthermore, as the patient starts to eat, the forces of 
mastication may begin to alter the occlusal relations that were set during surgery 
[8]. Lastly, the contour of the donor skeleton may not match that of the recipient, 
resulting in surface abnormalities, particularly around the nose, cheeks, and jaw. All 
of these problems may benefit from late corrective osteotomies and revision of the 
existing fixation, with or without bone grafting. Three-dimensional imaging, model 
surgery, prefabricated cutting guides, and computer-assisted positioning systems 
can all improve the precision of secondary osteotomies. When performing second-
ary osteotomies, considerable care is needed in order to avoid accidently transecting 
the graft’s blood supply, which could cause bone and soft tissue necrosis. 
Preoperative angiography may help the surgeon plan an operative approach that 
minimizes this risk.
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Even when both upper and lower teeth are transferred from the donor to the 
recipient, it is difficult to achieve proper occlusion. If the discrepancy is minor, and 
not associated with bony malunion, treatment by orthodontic methods may be help-
ful and is probably worth trying before considering maxillary or mandibular surgery. 
However, there is not enough data to comment on the expected duration or durability 
of orthodontic treatment after face transplantation. When the maxilla and mandible 
are intact, but the alveolus and some or all teeth are missing, dentures are usually the 
most practical way to restore function. However, if sufficient bone stock is present, 
osseointegrated implants could also be considered for oral rehabilitation.

Several factors can cause soft tissue problems that may eventually require revi-
sion including transfer of excess tissue from the donor; ptosis; malposition of inci-
sions around the eyelids, nose, or mouth; healing complications; and scarring. 
Initially, there may be a need for excess tissue at the recipient because of swelling 
(in either the donor or recipient), to facilitate exposure necessary to complete the 
vascular and nerve connections or to close the incisions without undue tension. In 
the postoperative period, the recipient may be left with a surprising amount of the 
redundant skin and soft tissue. Ptosis exacerbates the problem of excess skin and 
occurs if there is insufficient motor nerve recovery to animate the face or if the 
donor retaining ligaments were divided during recovery and transfer of the graft. 
Essentially all patients will benefit from skin tightening operations and scar refine-
ment several months after transplant. Wound complications in transplant patients 
occur for all the same reasons as in other patients, but can be potentiated by immu-
nosuppression. While healing problems with the skin have been uncommon, muco-
sal cutaneous and palatal fistulae have occurred and may require operative closure.

Miscellaneous procedures, such as endoscopic sinus surgery, may be performed 
at the same time as those designed to address skeletal and soft tissue discrepancies. 
Allograft tissue may obstruct the sinuses, interfering with drainage and causing 
mucous to accumulate. Prophylactic drainage procedures are indicated to reduce the 
risk of sinus infections. Reversal of pre-existing feeding tubes can be undertaken, 
but tracheostomy reversal (or cannula removal) should not be performed in the early 
post-op period, and if it is to be performed, only after very careful consideration in 
the late post-op period. Although upper airway volume and function seems to 
improve after face transplant, breathing difficulties, particularly at night, may per-
sist [9]. Patients are probably always at risk for airway complications after a face 
transplant, and attempting to urgently secure an airway in these patients would 
likely be challenging.

There is insufficient clinical experience to make authoritative recommendations 
about the timing of revision operations. Prior to any elective procedure, the patient 
should be clinically stable and free of any ongoing complications related to immu-
nosuppression, infection, or rejection. Prior to excision of the redundant skin, or 
correction of ptosis with facelift and/or brow repositioning techniques, tissues 
should be soft and pliable, with minimal swelling. Also, it may be wise to address 
any skeletal problems before making changes in the soft tissues. Contour adjust-
ments by liposuction or fat grafting, scar revision, and other enhancements like 
blepharoplasty are usually the last steps to enhance the patient’s appearance. 
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Because of infection risk, alloplastic implants have not been used to camouflage 
facial contour irregularities. Theoretically, autologous bone grafting would be less 
risky, but no data is available to support this idea.

17.7	 �Immunologic Issues

17.7.1	 �Rejection

As Whitaker et al. once pointed out, there is no way to definitively assess a patient’s 
immunosuppressive level. Instead clinicians look for evidence of over- or under-
immunosuppression [10]. An inadequate level of immunosuppression manifests as 
acute rejection. Despite careful monitoring, all patients have had at least single epi-
sode of acute rejection after facial transplantation. In the setting of facial transplan-
tation, acute rejection is usually associated with an inflammatory reaction in the 
skin that can be diagnosed by physical exam and confirmed by skin biopsy. For 
these reasons, acute rejection is usually identified and immediately treated in its 
early stages. Repeated episodes of acute rejection contribute to the risk of chronic 
rejection and graft loss after solid organ transplantation. But this has not yet been 
observed after facial transplantation, perhaps because of the earlier diagnosis and 
more effective management of acute rejection, or perhaps this is an anomalous find-
ing resulting from the analysis of a small sample of patients. This picture is further 
confounded by the fact that immunosuppressant drugs are toxic to many solid 
organs and they are not toxic to the tissue in facial allografts. Also the mechanism 
of chronic rejection for facial allografts may be different than it is for solid organs. 
According to Petruzzo et al., (i) the absence of chronic rejection of the skin might 
be related to the ability of the skin to recover without fibrosis following prompt 
diagnosis and treatment of acute rejection, (ii) the absence of circulating anti-HLA 
antibodies may limit the typical vasculopathy associated with chronic rejection, and 
(iii) the persistence of donor derived immunocompetent cells (Langerhans cells) in 
the skin may mitigate the risk of graft rejection [11]. Events associated with immu-
nosuppression include infection, most commonly a systemic viral infection, or a 
superficial fungal infection; bacterial infections have been less common. And 
finally, drug toxicity leads to a number of problems, including cardiac disease, 
hypertension, elevated levels of cholesterol and other lipids, diabetes, and dimin-
ished renal function. In the long run, there will probably be an increased risk of 
cancer in facial transplant recipients, similar to that of other immunosuppressed 
patients. Of note, the world’s first facial transplantation patient was diagnosed with 
cervical cancer 5 years after surgery.

17.7.2	 �Immunosuppressive Regimens

Unlike solid organ transplants, facial allografts consist of several different tissue 
components including the muscle, bone, nerve, skin, oral mucosa, etc. The skin 
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and mucosa are highly antigenic, and this causes a more robust immunogenic 
reaction than is seen with other organs [12]. Despite this fact, the immunosuppres-
sive protocols used for facial transplantation are derived from the regimens used 
for solid organ transplantation. Prednisolone is the most common steroid used; it 
binds DNA to prevent cytokine expression. MMF selectively inhibits inosine 
monophosphate dehydrogenase, which is necessary for synthesis of guanosine, 
and guanosine is necessary for T- and B-cell division. Tacrolimus is a fungal-
derived antibiotic that has replaced cyclosporine as a mainstay of immunosup-
pressive treatment. Tacrolimus binds to FKBP12, which results in calcineurin 
inhibition; this blocks IL-2 secretion and therefore limits B-cell activation and 
prevents T-cell activation. Some groups have also used sirolimus, which was ini-
tially developed as an antifungal drug, but was found to cause immunosuppres-
sion. It also binds FKBP12. The sirolimus-FKBP12 complex then binds to a 
serine/threonine kinase known as mTOR that normally regulates a variety of cell 
functions including transcription and protein synthesis. The sirolimus-FKBP12-
mTOR complex interferes with IL-2 signal transduction and thus prevents T- and 
B-cell activation.

Various combinations of immunosuppressive agents are used at different times 
after transplant. Induction therapy refers to the combination of drugs, usually 
monoclonal and polyclonal antibodies, which are administered to induce a pro-
found state of immunosuppression for about 2 weeks after surgery. Induction ther-
apy reduces the risk of early rejection; it also postpones the onset and diminishes 
the severity of the first episode of acute rejection. Induction therapy also provides 
time to optimize the drug regime for maintenance therapy. Drawbacks associated 
with induction therapy include the high cost of the drugs and an increased risk of 
infection. Agents used for induction therapy include antithymocyte globin (ATG) 
which is a polyclonal antibody that is used to deplete the level of circulating T 
cells. Monoclonal antibody agents include alemtuzumab, which binds CD54 on the 
surface of mature lymphocytes, and OKT3, which binds CD3 receptors to inacti-
vate T cells. Daclizumab and basiliximab are examples of anti-IL-2 receptor anti-
bodies. IL-2 mediates proliferation of NK cells and macrophages and differentiation 
of CD4 cells.

Maintenance therapy is used to limit the risk of rejection over the long run. 
Usually a mixture of steroids, tacrolimus, and MMF is used for maintenance ther-
apy. This combination is referred to as “triple therapy.” Tacrolimus appears to be 
especially effective in preventing rejection of allografts that include the skin. 
Interestingly, both tacrolimus and cyclosporin are effective when used topically, 
delivering what has been called “site-specific” immunosuppression. An added ben-
efit of tacrolimus is that it may enhance nerve recovery through its action on calci-
neurin. Over time the risk of rejection lessens. As this occurs, the number of drugs 
used, or their dosage, can be reduced. In order to limit long-term toxicity, steroid- 
and tacrolimus-minimizing protocols are attractive.

Rescue therapy refers to treatment of acute rejection. When episodes of acute 
rejection occur, the drug regimes used for treatment are referred to as “rescue 
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therapy.” Steroids are the mainstay of rescue therapy. However, acute rejection 
has also been successfully managed using topical tacrolimus and sirolimus at 
some centers. If these agents are not effective, antibody therapy is indicated. 
Another strategy for rescue therapy is extracorporeal photopheresis. It is not clear 
exactly how photopheresis blunts acute rejection, but it has been used success-
fully in the setting of solid organ transplantation. Hivelin and Lantieri success-
fully treated acute rejection in several patients after facial transplantation with this 
technique.

17.7.3	 �Tolerance

MHC Class I and II antigens are expressed on tissue surfaces, including vascu-
lar endothelium. Rejection occurs when the recipient’s immune system recog-
nizes the foreign MHC Class I and II antigens in the donor tissue. Non-MHC 
antigens are also present, but play a less pronounced role in mediating rejection. 
On the other hand, tolerance occurs when the recipient’s immune system does 
not react to the presence of donor tissue; this is beneficial because it protects the 
allograft from rejection and eliminates the risk of toxicity associated with 
immunosuppression for the recipient. Tolerance can be induced when the donor 
and recipient are closely matched for MHC antigens, and a short course of 
immunosuppressive therapy is used after the transplant. However, given the 
combination of logistical barriers and the rarity of face transplantation, close 
MHC haplotype matching is not always possible, so this type of tolerance will 
probably always be rare.

Tolerance can also occur as a result of chimerism, which refers to a situation 
where cells from two organisms coexist together. After transplantation, microchi-
merism occurs when a small number of passenger leukocytes from the donor can be 
present circulating in the recipient’s blood. It is not clear if microchimerism is a 
cause or effect of tolerance, and its occurrence does not seem to affect allograft 
survival. Macrochimerism occurs when donor hematopoietic stem cells are present 
in the recipient’s marrow. To achieve this, the recipient is first conditioned, by 
depleting mature T cells that would recognize the donor tissue as foreign and then 
engrafting donor hematopoietic into the recipient’s marrow. Some immature donor 
cells will migrate to the recipient’s thymus, and become thymic dendritic cells. As 
the new population of T cells matures, all clones that react with either donor or 
recipient will be eliminated. Devauchelle and Dubernard sought to induce tolerance 
by administering donor bone marrow to the first patient who underwent facial trans-
plantation [11]. Despite this, there was no clinical evidence of tolerance, nor was it 
possible to reduce the level of immunosuppression. Furthermore, it is likely that 
tolerance that results from chimerism will eventually be complicated by graft versus 
host disease. In the future, tolerance and chimerism may be useful to supplement, or 
even replace, current techniques for immunosuppression, but at present they are not 
considered standard therapy.
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17.7.4	 �Monitoring for Rejection and Opportunistic Infections

Episodes of acute rejection require adjustments in the immunosuppressive drug 
regime. Acute rejection presents with inflammatory changes in the skin, including 
warmth, edema, blistering, and scaling. Screening biopsies are performed to iden-
tify subclinical evidence of acute rejection so that early treatment can begin. Both 
skin and mucosal biopsies may be performed. Samples are collected from areas of 
redundant tissue or from the monitoring flap if one was included with the facial 
allograft. The schedule for monitoring biopsies varies from one center to the next. 
Initially, biopsies are performed every few days, then less often as the clinical situ-
ation stabilizes. Screening biopsies are usually not needed after a year.

All immunosuppressed transplant patients are at risk to develop opportunistic 
infections, and the most common pathogen is cytomegalovirus (CMV). CMV 
infection within 100 days of transplant, which is often asymptomatic, is an inde-
pendent predictor of mortality. With solid organ transplantation, the risk of CMV 
infection reaches about 50 % when a seronegative patient receives a graft from a 
seropositive donor. This situation requires strict universal precautions to reduce the 
risk of infecting the recipient, as well as prophylactic treatment with gancyclovir. 
Patients who previously required extensive medical care for burns or trauma may 
be colonized with antimicrobial resistant hospital-acquired bacteria. These patients 
are at risk to develop invasive soft tissue infections when they are immunosup-
pressed after trasplantation. Furthermore, their infections may be difficult to treat 
without reversal of the immunosuppressive drugs, which subiquently increases the 
risk acute rejectioin and graft loss [13].

17.8	 �Expected Outcomes and Future Aspects

Currently, the mortality risk after facial transplantation is about 13 %. Among the 
patients who have died after transplantation are one from China who was not com-
pliant with immunosuppressive therapy; one from France who developed multiple 
complications after concurrent face and bilateral upper extremity transplantation, 
including a necrotizing pseudomonas aeruginosa soft tissue infection around the 
airway; one from Spain who died from complications related to recurrent cancer; 
and one from Turkey who developed related to rejection 10 months after surgery. 
While common, episodes of acute rejection have not proven to be especially diffi-
cult to manage. Hyperacute rejection, chronic rejection, and graft versus host have 
not been described. Induction therapy with ATG followed by triple-drug immuno-
suppressive regimen has proven to be reliable. Improved speech, improved upper 
airway function, feeding tube removal, and tracheotomy decannulation are typically 
expected. Early sensory recovery, including sense of smell, has been reported at 3–8 
months; motor recovery has proceeded more slowly, occurring at 6–18 months. The 
recipient’s facial appearance has been generally improved. For some patients, the 
improvement has been dramatic; for others, the result has been compromised by 
skin color and tone mismatch, discoloration of the allograft, or scaring that crosses 
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facial esthetic units. For most patients, multiple revision operations were required to 
achieve a refined, natural appearing result.

Writing in 1993, Langer and Vacanti suggested that over 7 million people per 
year sustain some sort of injury that results in a tissue deficit. This number is likely 
to vastly overestimate the number of patients who would ever be candidates for 
facial transplantation. While it is difficult to know precisely how many patients 
will want facial transplantation, there may be surprisingly large population of 
patients who could benefit from it. The need for lifelong immunosuppression and 
the cost and complexity of the operation are substantial barriers. Even with 
improved results and growing experience, facial transplantation is not likely to 
become the method of choice for reconstruction of any defect that can be satisfac-
torily managed using conventional techniques. However, the indications for facial 
transplantation will probably expand in the future. Facial transplantation is now 
legitimately considered to be first-line treatment for patients with extensive central 
facial deficits. As facial transplantation becomes more common, surgeons will 
have to grapple with new questions. For example, should children with severe 
facial deformities be offered reconstructive transplantation? Is concurrent facial 
and extremity transplantation presently safe enough to perform? Should burn sur-
geons consider techniques to minimize the use of cadaver allograft skin in patients 
with disabling facial burns? Will facial transplantation ever be indicated for deficits 
that occur after resection of malignant tumors? Fortunately, as we take up these 
new questions, it is possible to start putting others aside. Compared to the early 
stages of major organ transplantation, facial transplantation has so far proven to be 
relatively safe and durable. The patients involved have been pleased with the out-
comes and have been able to reintegrate into society. The patients as well as society 
in general appear to believe the risks associated with facial transplantation are a 
reasonable trade-off for the benefits.
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Lip reconstuction (cont.)
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Oral cancer, reconstructive surgery in (cont.)
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quality of life considerations, 146
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skin and skin substitute grafts, 149–150
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Total glossectomy defect reconstruction (cont.)
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