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  Pref ace    

 Reconstruction of head and neck defects after tumor resection is one of the main 
challenges facing the maxillofacial surgeon. 

 Such complex defects require not only cosmetic reconstruction but also func-
tional reconstruction that enables patients to return to their family, social, and pro-
fessional life under optimal conditions and as quickly as possible. 

 While resection surgery has developed little in recent years—with the exception 
of new techniques, such as navigation, that enable safer and more adapted proce-
dures—reconstruction has advanced considerably, with the incorporation of free 
fl aps and virtual planning, which makes it possible to model fl aps and customize 
prostheses to the defect. 

 These advances are evident in reconstruction of the mandible. 
 Various pedicle fl aps have been used to provide bone. The outcome has generally 

been unsatisfactory, except for Demergasso’s trapezius osteomyocutaneous fl ap, which 
proved to be a very acceptable option for cosmetic and functional reconstruction. 

 The advent of free fi bula fl aps and scapula fl aps revolutionized reconstruction 
and enabled defects to be repaired with high-quality bone and abundant soft tissue. 

 The placement of dental implants in transferred bone makes it possible to insert 
prostheses that restore chewing and phonation and considerably improve labial 
competence. 

 Software-based virtual surgery enables more accurate anatomical reconstruction 
using customized plates and cutting guides for the fl ap bone, which can be adapted 
exactly to the defect left by resection and to the patient’s original facial structure. 

 Similarly, pedicle fl aps and microsurgical fl aps have transformed the reconstruc-
tion of defects of the maxilla and the middle third. 

 Each chapter of this book covers a specifi c area on the spectrum of head and neck 
reconstruction: mandibular reconstruction, reconstruction of the middle third, reconstruc-
tion of the cranio-orbital region, reconstruction of soft tissue defects, treatment of facial 
paralysis, dental implants, and regional fl aps, which continue to be extremely useful. 

 We present our experience in the Maxillofacial Surgery Department of Hospital 
General Universitario Gregorio Marañón, Madrid, Spain, where these techniques 
have been taught to numerous specialists from Spain, Europe, and South America.  

  Madrid, Spain     Carlos     Navarro Vila    
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      Mandibular Reconstruction       

       Carlos     Navarro Cuellar      ,     Cristina     Maza Muela      , 
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    Abstract  
  Mandibular reconstruction involves restoration of the functions of chewing, 
swallowing, phonation, and facial expression. Until relatively recently, the only 
reconstruction options available were pedicle fl aps, bone grafts, and reconstruc-
tion plates. Microsurgery has provided us with better options for reconstruction. 
Pedicle fl aps and microsurgical fl aps can provide suffi cient bone and soft tissue 
to resolve these problems. 

 Reconstruction of the mandible and associated soft tissue can be performed 
during the ablation procedure (primary reconstruction) or during a subsequent 
procedure (secondary reconstruction). 

 The optimal approach is one that attempts to reconstruct the original contour 
as much as possible using bone and soft tissue for extraoral and intraoral tissue 
defects where applicable.  
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1.1          Introduction 

 Reconstructive surgery dates back to the sixth century, when Sushruta Samhita [ 1 , 
 2 ] performed the fi rst reconstructions of the nose and ears in India. However, it was 
not until the time of the Romans that Celsus recorded the use of advancement fl aps 
for the reconstruction of the head and neck. Mandibular reconstruction has a shorter 
history, since most clinical experience and research dates from the treatment of 
injuries from the First and Second World Wars. In the United States, two hospitals 
were built to care for patients with these injuries, and emphasis was placed on the 
development of head and neck units, where specialists in maxillofacial surgery were 
trained. Laboratories were also established for the manufacture of devices such as 
arch bars, ferrules, and wires, all of which are necessary for the treatment of trau-
matic and oncologic lesions of the face. 

 The angiosome is a key concept in mandibular reconstruction that was intro-
duced in 1987 by the plastic surgeons Taylor and Palmer [ 3 ,  4 ]. An angiosome is a 
three-dimensional block of tissue that involves the muscular, cutaneous, and subcu-
taneous territories that are supplied by an artery and a vein. This discovery made it 
possible to apply both free and pedicle osteomyocutaneous fl aps for mandibular 
reconstruction. 

 Mandibular reconstruction involves not only restoration of continuity with cos-
metic objectives in mind but also restoration of the functions of chewing, swallow-
ing, phonation, and facial expression. Thus, maxillofacial surgery has evolved over 
time with the introduction of muscle transfer techniques, nerve anastomosis, and 
osseointegrated implants, all of which help to restore mandibular function. 

 When part of the mandible is missing, generally as a result of ablative surgery for 
the treatment of tumors, the major sequelae in bone and soft tissue have both a cos-
metic and a functional effect. In cosmetic terms, we can observe retrusion of the 
lower third, which is more remarkable when the part of the mandible affected is the 
parasymphysis or symphysis, and eversion of the lower lip. When resection affects 
the body of the mandible, we observe asymmetry with sinking of the affected side 
and retraction of the soft tissue that leads to deviation of the remnant mandible to 
the missing area. In functional terms, missing structure in the anterior area leads to 
labial and salivary incontinence and phonation disorders. When the body of the 
mandible is affected toward the condyle, we observe the occlusal plane canted with 
crossbite, which hinders mouth opening, chewing, and swallowing. The absence of 
some areas of the mandible generates overload on the remnant mandible and other 
structures of the oral cavity with altered proprioception leading to incoordination of 
mandibular movement. 

 Analysis of the possible sequelae arising from partial or total mandibular bone 
loss clearly illustrates the serious diffi culties faced by patients in leading a normal 
social and working life. 

 As Wong et al. [ 5 ] reported, there is no ideal biomechanical solution for man-
dibular reconstruction. The mechanical resistance and forces acting on the recon-
structed mandible are complex and not fully understood. Excessive pressure on 
traditional bone grafts and metal plates can lead to fracture of the plate, loosening 
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of the screws, and bone resorption, which could in turn lead to potential fracture of 
the mandible. New approaches in mandibular reconstruction attempt to distribute 
forces evenly in the remnant mandible. 

 The aim of mandibular reconstruction is to return cosmetic and functional integ-
rity and thus ensure quality of life. Until relatively recently, the only reconstruction 
options available were pedicle fl aps, bone grafts, and reconstruction plates. 
Microsurgery has provided us with better options for reconstruction.  

1.2     Bone Grafts 

 Publications on mandibular reconstruction with free bone grafts date from as early 
as the end of the eighteenth century and beginning of the nineteenth century. 
Bardenheuer [ 6 ] and Skyoff [ 7 ] reported the fi rst cases of mandibular reconstruction 
with autologous bone grafts harvested from the iliac crest, tibia, and rib. 

 Considerable experience treating traumatic mandibular defects was gained dur-
ing the First World War. Ivy and Epes [ 8 ] followed a delayed approach to recon-
struction of the mandible using solid blocks of tibial bone or mandibular bone 
pedicle grafts. The authors reported mandibular continuity in 76 % of cases and a 
long period of intermaxillary fi xation. 

 The Second World War saw the advent of new approaches in this type of recon-
structive surgery. These included internal blocks for stabilizing the graft, use of the 
iliac crest as the donor site, and administration of antibiotics. Studies from this period 
by Blocker and Stout [ 9 ] reported the use of bone grafts for mandibular reconstruction 
harvested from the tibia, ribs, and iliac crest. Graft survival was 90 % in approxi-
mately 1000 grafts. These successes made autologous bone grafts the main option for 
reconstruction of both traumatic and oncologic defects during the 1950s and 1960s. 

 Despite these promising beginnings, problems with bone grafts began to appear, 
mainly when contouring the symphysis. Brown et al. [ 10 ] and Millard et al. [ 11 ] 
reported diffi culties shaping the symphysis with iliac crest grafts. 

 In other series, the rate of complications and graft loss was greater. Wersal et al. 
[ 12 ] performed 23 mandibular reconstructions with rib grafts, and although the 
author indicated that the grafts were for lateral and anterior defects, 22 % of the 
grafts failed. Hamaker [ 13 ,  14 ] used delayed reconstruction with bone grafts in 15 
patients who had undergone mandibulectomy and radiation therapy. The graft failed 
in 33 % of cases because of radionecrosis and superinfection. 

 Cummings and Leipzig [ 15 ] reported the use of a cryogenically devitalized auto-
graft for mandibular reconstruction. DeFries et al. [ 16 ] used cadaver mandible grafts 
with autologous bone from the iliac crest and reported 10 failures in 14 patients who 
had undergone radiation therapy. The main problem of bone grafts is their low toler-
ance of infection, particularly in cancer patients. This problem did not affect trau-
matic defects, since surgery was delayed and based on an extraoral approach, thus 
preventing contamination of the oral cavity. Therefore, most surgeons recommended 
delaying reconstructive surgery and, if the graft survived locoregional recurrence, 
using an extraoral approach. 

1 Mandibular Reconstruction
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 Bone grafts continue to be the subject of debate. Although the maximum length 
indicated to ensure viability is 3 cm, recent publications [ 17 ] report the vasculariza-
tion of free bone grafts in 11 patients measuring up to 7 cm in length in a single 
block and 14 cm when blocks are combined.  

1.3     Alloplastic Materials 

 Alloplastic materials are inert (nonorganic) materials normally implanted inside the 
body to remodel and create volume or replace a given anatomic area. They have the 
advantage that no donor site is necessary and no antigen response to foreign pro-
teins occurs. The main alloplastic materials used are iron, titanium, hydroxyapatite, 
chrome-cobalt, methyl methacrylate, and other polymers. 

 Titanium was fi rst used in 1983 by Luckey and Kubli [ 18 ] for implants and pros-
theses. It is the material of choice for medical devices because it is light in weight, 
resistant, and biocompatible. In addition, it does not interfere with diagnostic tech-
niques such as nuclear magnetic resonance or computed tomography. 

 Several materials have been described in the literature. Castermans et al. [ 19 ] 
reported a failure rate of 70 % in a series of patients undergoing mandibular recon-
struction with Kirschner wires. Joyce and McQuarrie [ 20 ] reported a 25 % failure 
rate in their series of patients undergoing reconstruction with a silicone and metal 
prosthesis. Bowerman [ 21 ] used titanium plates in patients who had not undergone 
radiation therapy to reconstruct the symphysis, with losses of 35 %, and Conley [ 22 ] 
and Cook [ 23 ] used vitallium plates, with losses of 33 % at 5 years. A-O plates have 
also been used to reconstruct the mandible [ 24 ], with failure rates of 4 % in the fi rst 
year, increasing exponentially with time and radiation therapy. 

 As these authors show, alloplastic materials have high rates of exposure and 
superinfection, especially in patients undergoing radiation therapy. 

 Prostheses are currently being made from polyether ether ketone, hydroxyapa-
tite, and polyethylene, which can be prepared using computer-assisted design 
(CAD)/computer-assisted manufacture (CAM) systems [ 25 ] before surgery to pro-
vide a more adapted approach to defects. However, the number of patients neces-
sary to perform feasibility studies is insuffi cient, and not enough time has passed to 
determine long-term survival and resistance to radiation.  

1.4     Combination of Bone Grafts and Alloplastic Material 

 During the 1960s, surgeons began to think that the reasons for graft failure were 
incorrect fi xation and poor vascularization. Supporting trays made of metal or 
Dacron were used to improve fi xation by fi lling them with cancellous bone, thus 
enhancing neovascularization. In 1944, Moulem [ 26 ] fi rst demonstrated the osteo-
genic capacity of cancellous bone chip grafts. Boyne and Zarem [ 27 ] were the fi rst 
to use a wire mesh tray with cancellous bone chips for mandibular reconstruction. 
The mesh had to be removed in 11 % of 53 cases. 
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 Lawson et al. [ 28 ] reported a series of 54 cases of mandibular reconstruction per-
formed using metal trays and cancellous bone in which the failure rate was 54 % for 
immediate reconstructions compared with 19 % in delayed procedures. Infection of the 
intraoral wound was the factor that most contributed to the failure of the reconstruction. 
Albert et al. [ 29 ] used Dacron trays with cancellous bone and reported a 24 % failure rate. 

 Branemark et al. [ 30 ] used titanium mesh with and without cancellous bone in 
mandibular reconstruction procedures. In patients whose graft was with mesh only, 
the failure rate was 40 %, and the graft was reabsorbed in 60 %. 

 In 1987, Klotch and Prein [ 31 ] performed reconstruction in 60 patients with A-O 
reconstruction plates. Regional pedicle grafts were used to cover the plates and thus 
fully seal the soft tissue. The authors reported a success rate of 86 % with exposure 
of the plate in 25 % of patients who received radiation therapy, multiple salivary 
fi stulas, and late fractures in 8 %. 

 In 1990, Komisar [ 32 ] studied series with plates used for primary and deferred 
reconstruction, whether combined or not with bone, and found that 82 % of primary 
reconstructions were complicated by infection and that, when a bone graft was used, 
the reabsorption rate was more than 50 %. 

 In 1990, Saunders et al. [ 33 ] presented a series of 27 patients who underwent 
primary reconstruction with titanium plates not combined with bone graft. The suc-
cess rate was 78 %, although none of the patients who underwent reconstruction of 
the symphysis could wear dentures after surgery. The results reported by Gullane 
[ 34 ] were similar, with a 78 % success rate during the fi rst year. 

 Almost 40 years later, the combination of bone grafts with alloplastic material 
remains controversial. Studies continue to show integration and corticalization of 
iliac crest grafts packed in titanium mesh [ 35 ]. 

 No multicenter studies have analyzed reconstruction of mandibular defects in 
cancer patients who undergo radiation therapy. Yagihara et al. [ 36 ] recently pub-
lished the results of a study in which they combined poly-L-lactide mesh with can-
cellous bone grafts. As this material descomposes after 6 months to 2 years in the 
body, the authors reported a success rate of 84 % and concluded that the frequency 
of excellent or good regeneration tended to be better in primary reconstruction, 
benign lesions, and marginal resections, in patients not undergoing radiation ther-
apy, and in procedures that do not involve reconstruction of associated soft tissue. A 
separate analysis of patients receiving radiation therapy showed that classic con-
cepts remained unchanged, with poor bone regeneration in 27.4 % of cases com-
pared with 13.3 % in those who did not receive radiation therapy. 

 Therefore, mandibular reconstruction would not be the technique of choice for 
defects resulting from cancer, although such techniques are associated with low mor-
bidity and could be considered in patients who cannot undergo other procedures.  

1.5     Distraction Osteogenesis 

 Techniques for the reconstruction of the lower third (both soft tissue and bone) are 
very varied. Each has its indications and risks. 

1 Mandibular Reconstruction

Dentlearn.ir



6

 Distraction osteogenesis was fi rst described in 1957 by Ilizarov and involves a 
process in which bone is formed between two segments that are gradually separated 
by progressive traction using a device known as a distractor. This separation gener-
ates both bone and the surrounding tissue. The technique has been used by orthope-
dic surgeons for more than 40 years. Distraction osteogenesis of the mandible was 
fi rst described in 1998 by McCarthy et al. [ 37 ]. 

 We can distinguish between two types of distraction osteogenesis. The fi rst is 
performed without bone transport and is used to treat bone malformations in maxil-
lofacial and orthopedic surgery. This technique makes it possible to lengthen the 
bone and adjacent soft tissue. The second type involves bone transfer and is used to 
treat bone defects by fi lling the defect without altering the original length of the 
bone. 

 Mandibular bone is distracted by means of bone resection and placement of the 
distractor. This is followed by the latency period, which is the time necessary for the 
bone to lengthen, generally between 5 and 7 days. The distraction period then 
begins, with growth of 0.8–1 cm per day. When the planned length is reached, the 
distractor must be kept in place for the so-called consolidation period, which usu-
ally lasts about 3 months. 

 The associated mortality of this technique is low and results are good. However, 
it is not the technique of choice in mandibular reconstruction after tumor resection, 
because the application time is too long, thus preventing coadjuvant radiation ther-
apy from being administered within the effective window period (4–6 weeks). In 
addition, the likelihood of osteoradionecrosis is increased. If possible, the technique 
should be applied after other bone reconstructions, for example, using microsurgi-
cal fi bular fl aps, for vertical lengthening in order to gain suffi cient height and fi t 
implants.  

1.6     Primary Reconstruction vs Secondary Reconstruction 

 Reconstruction of the mandible and associated soft tissue can be performed during 
the ablation procedure (primary reconstruction) or during a subsequent procedure 
(secondary reconstruction). 

 We favor primary reconstruction for several reasons. It is technically easier than 
secondary reconstruction, there is no fi brosis or retraction, and anatomic relation-
ships can be maintained (e.g., with intermaxillary fi xation or by molding and fi xing 
before resection of mandibular reconstruction plates to maintain the mandibular 
arch). Furthermore, a second procedure is obviated, the cost is lower, and the patient 
can return more quickly to his/her social and working life. Since the patient does not 
have to face the functional and cosmetic sequelae of ablative surgery, psychological 
recovery is much quicker and complete after oncologic surgery. 

 We do not agree with the reasons against primary reconstruction, mainly poor 
control of subsequent relapses. Today, imaging techniques such as computed tomog-
raphy or magnetic resonance enable relapses—even those involving only a few mil-
limeters—to be detected very quickly. 
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 Similarly, we do not agree with the other reason against primary reconstruction, 
namely, the recommendation to avoid exertion, because 50 % of patients were lost 
to follow-up during the fi rst year. We believe that the quality of life patients gain 
during the remainder of their lives is more than suffi cient reason to perform imme-
diate reconstruction. 

 In our department, we limit secondary reconstruction to those cases where pri-
mary reconstruction was not successful and for patients who underwent procedures 
at other centers, where, for whatever reason, no reconstruction was performed dur-
ing the fi rst intervention.  

1.7     Type of Reconstruction: Pedicle Flaps  
and Microvascular Flaps  

 The optimal approach is one that attempts to reconstruct the original contour as 
much as possible using bone and soft tissue for extraoral and intraoral tissue defects 
where applicable. Pedicle fl aps and microsurgical fl aps can provide suffi cient bone 
and soft tissue to resolve these problems. Several factors must be taken into consid-
eration when deciding which technique to choose. 

 Many factors come into play when deciding on reconstruction and selecting a 
specifi c fl ap. The most important are the following:

    1.    Type, size, and position of the defect   
   2.    Quantity and quality of the remnant bone   
   3.    Size and defect of the soft tissue   
   4.    Intraoral and extraoral defects   
   5.    Quality of local vascularization (compromised by previous radiotherapy, diabe-

tes mellitus, arteriosclerosis)   
   6.    State of the maxilla, tongue, and fl oor of the mouth, as well as lip competence   
   7.    Previous surgery: functional or radical neck dissection, failed reconstructions   
   8.    Previous local surgery: functional or radical neck dissection   
   9.    General status of the patient     

1.7.1     Pedicle Flaps 

 In the 1980s, myocutaneous fl aps began to be used for soft tissue defects. Bone 
was later included in these fl aps for mandibular reconstruction. The fl aps were 
taken from the pectoralis major with the fi fth or sixth rib, as described by Cuono 
and Ariyan [ 38 ] in 1980, the trapezius muscle with the spine of the scapula, the 
sternocleidomastoid muscle with the clavicle, and the latissimus dorsi with the 
iliac crest. 

 In 1979, Demergasso and Piazza [ 39 ] reported for the fi rst time the use of the 
trapezius osteomyocutaneous fl ap for mandibular reconstruction. Panje and Cutting 
[ 40 ,  41 ] used this fl ap in 24 patients, and the fl ap failed in 13 %. Little et al. [ 42 ] 
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used a pectoralis major fl ap with the fi fth rib for mandibular reconstruction and 
reported complications in two cases, although the rib was viable in a further three 
patients. 

 Kudo et al. [ 43 ] reconstructed the mandible of fi ve patients using a pectoralis 
major fl ap with rib and sternum. Two patients experienced pneumothorax, and the 
rib had to be withdrawn in a further two cases. 

 The results of our experience with this reconstruction have not been good, since 
the rib is largely reabsorbed after radiation therapy.  

1.7.2     Microvascular Flaps 

 The fi rst microsurgery-based mandibular reconstruction was reported in 1971 by 
Strauch et al. [ 44 ]. The subsequent studies by Ostrup and Fredrickson [ 45 ], Daniel 
[ 46 ], and Taylor [ 47 ] show that both the rib and the iliac crest can be transferred to 
the mandible using microsurgery. Thanks to these techniques, fl ap failure is much 
reduced, although surgical time and morbidity increase. 

 Franklin et al. [ 48 ] performed six mandibular reconstructions with the iliac crest 
fl ap of which one failed (16 %). The author reported problems such as the large size 
of the fl ap, the lack of sensitivity of the skin paddle, and surgical time. 

 MacLeod and Robinson [ 49 ] published a series of 12 reconstructions of the ante-
rior mandible. The fl ap used was the second metatarsal based on the dorsalis pedis 
vein and artery. They reported only one case of fl ap loss. 

 In 1986, Soutar and Widdowson [ 50 ] reported on the use of the radius as a radial 
osteofasciocutaneous fl ap for mandibular defects associated with a soft tissue 
defect. The fl ap failed in only 1 of the 14 patients who underwent surgery. 

 Cordeiro and Hidalgo [ 51 ] compared mandibular reconstructions performed 
with free fl aps and those performed with reconstruction plates combined with pedi-
cle fl aps to seal soft tissue. The authors reported a greater number of complications, 
longer hospital stay, and greater number of reoperations in the series that underwent 
reconstruction with plates and pedicle fl aps. 

 Schusterman et al. [ 52 ] also compared reconstruction with plates and free fl aps. 
The free fl aps survived in most cases and could be used to reconstruct any segment, 
whereas plates were exposed and superinfected in the symphysis in 66 % of cases. 

 Hoffmeister et al. [ 53 ] combined an iliac crest free fl ap and a jejunal free fl ap to 
reconstruct the mandible and mucosa in a series of 22 patients.   

1.8     Microvascular Flaps 

1.8.1     Fibula Flap 

 The microsurgical fi bula fl ap was fi rst described by Taylor et al. [ 47 ] in 1975. 
Hidalgo [ 54 ] was the fi rst to use this fl ap for mandibular reconstruction in 1988. The 
fi bula is a long thin non-weight-bearing bone. It has a constant tubular cross section 
along its length, with a thick cortex (66 % of the section [ 55 ]), thus making it one of 

C. Navarro Cuellar et al.

Dentlearn.ir



9

the strongest bones for transfer. The fi bula provides approximately 25 cm of bone, 
which is suffi cient to reconstruct any mandibular defect [ 56 ]. Both a bone fl ap and 
an osteocutaneous fl ap can be obtained. 

 The main advantages of this fl ap are that it is very long and enables two teams to 
work simultaneously. Furthermore, its rich periosteal vascularization makes it pos-
sible to perform several osteotomies for remodeling. The skin paddle can be rein-
nervated to provide sensation, and morbidity in the donor area is minimal. We prefer 
the fi bula fl ap to the iliac crest fl ap in obese patients, because the bone is easy to 
harvest. According to Moscoso et al. [ 55 ], the main disadvantage of this fl ap is that 
15 % of men and a somewhat higher percentage of women cannot receive implants 
owing to the size of the bone. In addition, multiple osteotomies are necessary for 
remodeling, thus necessitating a large quantity of osteosynthesis material and pre-
venting immediate fi tting of implants. The fi bula lacks suffi cient height in segmental 
defects in dentulous patients; therefore, there is some discrepancy between the height 
of the fl ap and the remnant mandible, which leads to a poor crown-implant ratio. 
Horiuchi et al. [ 57 ] and Siciliano et al. [ 58 ] resolved this issue with a double- strut 
fi bula or secondary vertical distraction of the fi bula. The main disadvantage of this 
fl ap is the very variable number of septocutaneous perforators that irrigate the skin 
paddle. Wei et al. [ 59 ] provided the clearest explanations of the vascularization of the 
skin paddle, which is supplied by 4–7 branches, of which between 1 and 4 are septo-
cutaneous (inconstant, may be missing) and the remainder musculocutaneous. Two 
septocutaneous branches feed an area of skin measuring 20 × 25 cm. Futran et al. [ 60 , 
 61 ] proposed Doppler imaging to locate the perforators and prepare the preoperative 
sketch of the skin paddle based on these perforators and achieved excellent results; 
in our opinion, this technique is the approach of choice when attempting to ensure 
maximum viability of the skin paddle. In 1994, Hidalgo [ 62 ] proposed obtaining a 
very broad skin paddle by de-epithelializing any surplus skin. Thus, we can ensure 
vascularization of the skin paddle, whose viability ranges between 95.5 % and 
100 %. In order to ensure this viability, it is a good idea to design a skin paddle based 
on the intermuscular septum and the distal third of the bone and to include a wedge 
of muscle (soleus and fl exor hallucis longus) to ensure that the musculocutaneous 
perforators are included. The last main disadvantage of the fi bula fl ap is that it 
requires preoperative confi rmation by arteriography or Doppler imaging that there is 
suffi cient circulation to supply the skin once the fi bular artery has been resected, 
because some arterial disorders can lead to ischemic necrosis. 

 The main characteristics of the fi bula fl ap are its maximum length (25 cm, mean 
length of 17–18 cm), pedicle length (2–3 cm at the origin, increasing via subperios-
teal dissection to 12 cm), artery caliber (1.8–3 mm), and vein caliber (2–4 mm). 

 The fi bula fl ap is indicated in the following situations:

•    Reconstruction of total or subtotal mandibular defects: when the defect is greater 
than 14 cm, only the fi bula provides suffi cient bone.  

•   The main application of the fi bula is reconstruction of mandibular segment 
defects: the strength of the bone can resist the forces of mastication, and implants 
can be placed. In defects measuring less than 14 cm, the iliac crest has lost ground 
in favor of the fi bula, which is today the main fl ap in mandibular reconstruction.  
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•   Secondary reconstructions that affect the ramus and condyle. The thin bone of 
the fi bula fl ap is easy to insert in the tunnel created by the fi brous soft tissue 
without damaging the facial nerve.  

•   Reconstruction of mandibular defects accompanied by major defects of intra-
oral soft tissue, which advise against using the iliac crest and in which we 
cannot use the trapezius osteomyocutaneous fl ap for the reasons specifi ed 
above.  

•   Microsurgical reconstruction of the mandible in children [ 63 ].    

 As for functional recovery of the teeth, the fi bula accepts small-to-medium 
implants. Given the number of miniplates and screws necessary to fi x osteotomies 
and ensure a good cosmetic outcome, we place implants in this fl ap during a second-
ary procedure. 

 If the patient undergoes radiation therapy after surgery, we wait until 9–12 months 
have passed. The screws and miniplates are removed and the implants inserted. The 
percentage of osteointegration of the implants in the patients we treat was 96.6 %, 
which decreases to 92 % in the long term (more than 3 years) [ 64 ] (Figs.  1.1 ,  1.2 , 
 1.3 ,  1.4 ,  1.5 ,  1.6 ,  1.7 ,  1.8 ,  1.9 ,  1.10 ,  1.11 , and  1.12 ).

  Fig. 1.1    Mandibular 
tumor (ameloblastoma)       

  Fig. 1.2    Preoperative 
OPT       
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  Fig. 1.3    Fibula fl ap 
dissection       

  Fig. 1.4    Postoperative 
OPT with dental implants       

  Fig. 1.5    Dental prosthesis and occlusion       
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  Fig. 1.6    Postoperative view       

  Fig. 1.7    Ablative 
resection       
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  Fig. 1.8    Fibula fl ap 
intraoperative design       

  Fig. 1.9    Immediate 
postoperative 
reconstruction       

  Fig. 1.10    Postoperative 
OPT       
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1.8.2                   Iliac Crest Flap 

 The iliac crest fl ap is based on the deep circumfl ex iliac artery, which arises from the 
external iliac artery 1–2 cm cranially to the inguinal ligament. It runs toward the 
anterosuperior iliac spine, internal face of the iliac bone, and between the iliacus 
and transversus abdominis muscles. It gives off an ascending branch, which sup-
plies the lesser oblique muscle, periosteal and endosteal branches that supply the 
bone, and musculocutaneous perforating branches toward the skin. 

  Fig. 1.11    Defi nitive 
occlusion       

  Fig. 1.12    Postoperative 
view       
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 Venous drainage is from the deep circumfl ex iliac vein, which is usually a double 
vein, into the external iliac vein. 

 Skin is obtained via the perforators along the internal part of the crest that cross 
the three muscles of the abdominal wall. Therefore, a considerable part of the major 
and minor oblique muscles and the transversus abdominis must remain attached to 
the internal portion to carry the perforators. It is also necessary to design a wide skin 
fl ap to incorporate as large a number as possible of perforators (between three and 
nine in a fi eld that extends longitudinally 9 cm posterior to the anterosuperior iliac 
spine and 2.5 cm medial to the crest). The wide mesentery of the skin fl ap limits the 
relative mobility of the skin. 

 The anatomical characteristics of this fl ap are as follows: short vascular pedicle 
(5–7 cm); 1.5–3 mm diameter at its origin; bone length, 14–16 cm; lesser oblique 
muscle of 10 × 15 cm; and skin surface of 15 × 25 cm. 

 Its main indications are as follows:

•    Mandibular bone defects. We think that the iliac crest has the best quality, height, and 
thickness for mandibular reconstruction of all the bone fl aps; however, as it is only 
10–12 cm long, larger defects require a fi bular fl ap. It takes the thickest and longest 
osseointegrated implants, which can be inserted during the same procedure.  

•   In defects of the symphysis, the fl ap can be molded to the form of the defect using 
osteotomies and preserving the periosteum of the internal surface to maintain the 
supply to the bone. When the defect includes the body and ascending ramus of the 
mandible, the ramus can be contoured by designing an “L”-shaped fl ap.  

•   Bone defects associated with extraoral soft tissue defects. In this case, the cutane-
ous part of the fl ap is used to reconstruct the defect, although inguinal skin is con-
siderably paler in color. The cutaneous part can also be used to monitor the fl ap  

•   Bone defects associated with intraoral soft tissue defects. In these cases, the fl ap is 
only feasible if it contains internal oblique muscle. The large volume of soft tissue 
renders it inadequate for this type of reconstruction. We prefer other types of osteo-
cutaneous fl ap, such as the fi bula, scapula, and trapezius osteocutaneous fl aps.    

 The excellent quality of the bone in an iliac crest fl ap makes it possible to fi t a 
suffi cient number of implants for the rehabilitation of most patients with an implant- 
supported prosthesis. Since the height of the fl ap is similar to that of the remnant 
mandible, for dentulous patients the crown-implant ratio obtained is optimal (1:3; 
the crown accounts for 33 % of the total length of the crown-pillar-implant com-
plex). Implants can be fi tted during mandibular reconstruction with a balanced 
occlusal relationship. We obtained a 94 % osseointegration success rate with Mozo 
Grau implants (MG osseous) and, in the long term, a 12 % failure rate [ 64 ]. 

 In our opinion, the iliac crest fl ap is the best fl ap for mandibular bone reconstruc-
tion when we do not need to reconstruct soft tissue and for the reconstruction of the 
symphysis and mandibular body up to 10 cm (Figs.  1.13 ,  1.14 ,  1.15 ,  1.16 ,  1.17 , 
 1.18 , and  1.19 ).
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  Fig. 1.15    Defect after 
ablative surgery       

  Fig. 1.14    Tumor resection       

  Fig. 1.13    Preoperative        
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  Fig. 1.16    Intraoperative 
reconstruction with iliac 
crest free fl ap and MG 
osseous implants       

  Fig. 1.17    Postoperative 
CT       

  Fig. 1.18    Final occlusion       
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  Fig. 1.19    One year postoperative views       

         As shown in the indications (see above), reconstruction of soft tissue requires the 
use of the internal oblique muscle, which is excessively bulky. Navarro Cuellar et al. 
[ 65 ] present an alternative technique that enables mandibular reconstruction using 
an iliac crest fl ap combined with one or two nasolabial fl aps to reconstruct intraoral 
soft tissues. This technique combines the advantages of mandibular reconstruction 
and insertion of osseointegrated implants (MG osseous) using an iliac crest fl ap in 
combination with reconstruction of anatomically adapted intraoral soft tissue 
defects, avoiding the dissection of internal oblique muscle (Figs.  1.20 ,  1.21 ,  1.22 , 
 1.23 ,  1.24 , and  1.25 ).
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  Fig. 1.20    Preoperative CT       

  Fig 1.21    Squamous cell 
carcinoma resection with 
cervical dissection       

  Fig. 1.22    Iliac crest free 
fl ap reconstruction with 
MG osseous implants       
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  Fig. 1.24    Postoperative 
OPT       

  Fig. 1.25    Final occlusion       

  Fig. 1.23    Nasolabial fl ap 
covering iliac crest fl ap       
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1.8.3             Scapular Flap 

 In 1981, Teot et al. [ 66 ] described the scapular and parascapular osteomyocutaneous 
fl ap. Swartz et al. [ 67 ], Baker and Sullivan [ 68 ], and Sullivan et al. [ 69 ] subse-
quently reported the use of the scapular osteocutaneous free fl ap for immediate 
mandibular reconstruction. 

 The skin covering the posterior surface of the scapula and the periosteum of the 
lateral border of the scapula are vascularized by the scapular circumfl ex artery, a 
branch of the subscapular artery. 

 The circumfl ex artery exits the triangular space and divides into a horizontal 
branch (scapular fl ap) and a vertical branch (parascapular fl ap), which supply the 
skin fi eld (14 × 21 cm) covering the scapula. 

 The specifi c anatomical distribution of the vessels means that the bony part of the 
fl ap can be placed independently in three dimensions with respect to the skin fl ap. 
The mobility of the soft tissue with respect to the bone makes it possible to recon-
struct complex orofacial defects in which soft tissue requirements are as important 
as the bone defect itself. 

 Many options are available for reconstruction using this fl ap, since it can be 
exclusively muscular, musculocutaneous, osteomyocutaneous, or combined with 
the latissimus dorsi and serratus anterior (megafl ap). 

 In addition, the skin covering the scapula is thin, hairless, pliable, and similar in 
color to facial skin [ 70 ]. 

 The fl ap provides well-vascularized corticocancellous bone (1.5–3 cm wide and 
10–14 cm long). We can also obtain a further 3–4 cm from the angle of the scapula 
if we include the angular branch of the thoracodorsal artery. 

 The disadvantages of this fl ap are the need to rotate the patient, thus preventing two 
surgical teams from working simultaneously. It has been suggested that this disadvan-
tage could be avoided by placing the patient on his/her side, although it is still diffi cult 
for two teams to work simultaneously. Furthermore, the amount of bone is limited, 
thus hindering reconstruction of large defects and placement of implants. The result-
ing scar is usually unsightly, and sensory reinnervation of the fl ap is not possible. 

 The characteristics of the scapular fl ap are as follows: pedicle diameter, 3–4 mm; 
length, according to Swartz et al. [ 67 ] and Neukam et al. [ 71 ], is 4–6 cm from the 
scapular border to the axillary artery (6–9 cm if bone is not taken; if bone is included, 
the pedicle is shortened); bone length, 14 cm in men and 10 cm in women (if we 
include the tip, we gain a further 3–4 cm); bone thickness, 1.5 × 3 cm; and skin sur-
face, 14 × 21 cm (sizes greater than 12 cm hinder direct closing). 

 The scapular fl ap is our last option for mandibular reconstruction. We think it has 
very specifi c indications, as follows:

•    Three-dimensional orofacial defects with large defects of bone and soft tissue 
(intraoral and extraoral), since the mobility between these parts is considerable  

•   If the patient has peripheral vascular disease involving the iliofemoral and tibio-
fi bular system and the defect cannot be reconstructed using a trapezius osteo-
myocutaneous fl ap    
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 As reported by Deschler and Hayden [ 72 ], the contralateral scapula is usually 
shaped to the defect for two reasons. First, removal of the scapular fl ap requires 
disinsertion of several muscles from the upper edge (long part of the triceps, teres 
major and minor, and subscapular muscle), thus weakening the arm. If we proceed 
to radical dissection, the shoulder will be even more limited. Therefore, in order to 
prevent weakening of the arm and of the shoulder, the contralateral scapula is shaped 
to the defect and radical dissection performed. Second, by using the contralateral 
scapula and moving the lateral border of the scapula downward in the neomandible, 
we ensure that the pedicle emerges distally, in the area of the angle. Thus, the orien-
tation of the pedicle in the neck is optimal. 

 Weakness of the upper arm is minimized by immobilization for a few days after 
surgery and rigorous physiotherapy [ 70 ] (Figs.  1.26 ,  1.27 ,  1.28 ,  1.29 , and  1.30 ).

  Fig. 1.27    Scapular free 
fl ap dissection       

  Fig. 1.26    Mandible tumor 

[ 87 ]       
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  Fig. 1.28    Scapular free 
fl ap adapted at the defect       

  Fig. 1.29    Immediately 
postoperative view       
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1.9             Pedicle Flaps 

1.9.1     Trapezius Osteomyocutaneous Flap 

 The trapezius osteomyocutaneous fl ap was fi rst described in 1977 by Demergasso 
and Piazza [ 73 ]. It is formed by the upper and middle portion of the trapezius muscle, 
a skin island from the shoulder and scapular spine, and the acromion of the scapula. 

 The fl ap is supplied by the superfi cial transverse cervical artery, its main pedicle, 
and receives an accessory supply from the dorsal scapular artery, the occipital artery, 
and the intercostal arteries. 

 This supply makes it possible to obtain three different myocutaneous fl aps [ 74 ]: 
the superior trapezius myocutaneous fl ap, which is based on the occipital artery and 
the intercostal paraspinal perforators; the lateral trapezius osteomyocutaneous fl ap, 
which is based on the superfi cial transverse cervical artery; and the inferior trape-
zius fl ap, which is based on the dorsal scapular artery and the deep branch of the 
transverse cervical artery. 

 We only discuss the lateral trapezius osteomyocutaneous fl ap (trapezius island 
fl ap), since it is the only one of the three that includes richly vascularized scapular 
bone [ 75 ]. 

 It is based on the superfi cial transverse cervical artery and vein. In 80 % of cases, 
the superfi cial transverse cervical artery arises in the thyrocervical trunk; in the 

  Fig. 1.30    Final 
appearance       
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remaining 20 %, it arises in the subclavian artery [ 76 ]. When the artery arises 
directly from the subclavian artery, it can course deeply or via the brachial plexus, 
thus seriously limiting the arc of rotation of the pedicle and necessitating the use of 
another fl ap (10 % of cases) [ 74 ]. 

 Venous anatomy is much more variable than arterial anatomy. The transverse 
cervical vein drains into the medial subclavian system in two-thirds of cases and 
into the external jugular vein (close to its union with the subclavian vein) in the 
remaining third [ 77 ] (Fig.  1.31 ).

   In our experience, the skin paddle and anatomical references must be drawn with 
the patient seated and arms tight to the trunk. We center the paddle on the acromio-
clavicular joint. The paddle can be as long as 12–20 cm from the back and up to 
10 cm from the shoulder [ 78 ]. 

 Including the acromion, the scapular spine measures about 13.5 cm in length and 
0.7 cm in height at its medial border and up to 4 cm at its lateral border. Its width 
ranges between 1 and 2.4 cm. 

 Depending on the location of the mandibular defect, we use the acromion, spine, 
or both, as follows:

    1.    Symphyseal defect: can be reconstructed exclusively with the acromion and 
respecting the scapular spine   

   2.    Lateral defect: can be reconstructed with the scapular spine respecting the acro-
mion at its anatomical site   

   3.    Mixed anterior and lateral defect: requires both the acromion and the scapular 
spine     

Transverse cervical
artery

Suprascapular
artery

  Fig. 1.31    Vascular pedicle 

[ 88 ]       
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 In order to prevent functional sequelae, the muscle at the donor site must be 
reconstructed at closure: the supraspinatus muscle is sutured to the infraspinatus 
muscle. Once joined, both muscles are sutured to the deltoid, and the anterior group 
is anchored to the clavicle by nonabsorbable suture through purpose-made open-
ings. The skin island is closed with a posterior rotation fl ap. 

 One of the reasons this fl ap has fallen into disuse was the fact that it was 
impossible to insert dental implants, without which only 10 % of patients could 
wear stable prostheses. In their study of cadaver scapulas, Navarro Vila et al. 
[ 74 ] showed that the acromion can take 13-mm implants in 100 % of cases, 
whereas the lateral border of the spine can do so in 80 % and the medial border 
in 20 %. 

 The trapezius island fl ap is indicated for mandibular reconstruction in patients 
with intraoral bone and soft tissue defects who simultaneously undergo radical ipsi-
lateral dissection. The acromion and the scapular spine can be used to reconstruct 
the mandibular bone defect, while the skin island is used to repair the intraoral soft 
tissue defect. This fl ap makes it possible to repair bone defects of up to 10–12 cm. 
In some cases, the skin paddle has been unfolded to repair intraoral and extraoral 
tissue. The main contraindications are exclusively bone defects (iliac crest or fi bula 
free fl aps are preferred) and situations where cervical dissection is functional rather 
than radical. Using the trapezius muscle for the fl ap limits external rotation of the 
scapula, which is necessary for raising the shoulder and elevation and separation of 
the arm by 180°. It is also necessary to resect the sternocleidomastoid muscle to 
leave space in the neck so that the fl ap can be passed through to the mouth. If the 
dissection is radical, the nerves of the trapezius are always cut (XI pair) and the 
sternocleidomastoid is resected; therefore, the trapezius fl ap does not involve added 
morbidity. A fi nal contraindication is secondary reconstruction after previous cervi-
cal dissection, because the pedicle could have been damaged during the fi rst 
procedure. 

 A clear advantage of the trapezius fl ap is that it is a regional fl ap; consequently, 
morbidity is reduced, surgical time is shortened, and there is no need for two surgi-
cal teams. 

 Since this fl ap is more sensitive to the adverse effects of radiation therapy than 
microsurgical fl aps [ 79 ], implants must always be placed immediately. 

 Before microsurgical fl aps began to be widely used, Navarro Vila et al. [ 74 ] used 
the trapezius osteomyocutaneous fl ap to reconstruct the mandible in 78 cases, most 
of which (52 %) involved squamous cell carcinoma of the fl oor of the mouth. The 
cosmetic results were excellent, and the percentage of total/partial failures for this 
fl ap at all sites was only 14 %. 

 Today, this fl ap is only used when severe arteriosclerosis prevents reconstruction 
with microsurgical fl aps, since the superfi cial transverse cervical vessels are not 
usually involved. In addition, as the reconstruction is with a pedicle, there is no need 
for anastomosis (Figs.  1.32 ,  1.33 ,  1.34 ,  1.35 , and  1.36 ).
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  Fig. 1.32    Tumor 
dissection       

  Fig. 1.33    Osteomy-
ocutaneous trapezius fl ap 
isolated in its vascular 
pedicle       
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  Fig. 1.34    Dental 
rehabilitation       

  Fig. 1.35    Final occlusion       

  Fig. 1.36    Postoperative 
anteroposterior view of the 
patient       
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1.10             Reconstruction of the Condyle 

 The condyle is one of the main components of the temporomandibular joint (TMJ). 
Condylar defects are usually caused by tumors and often involve severe facial defor-
mity and diffi culty in mouth opening and mastication, thus signifi cantly affecting 
quality of life. 

 Any discussion on the reconstruction of the TMJ necessarily [ 80 ] shows a sig-
nifi cant difference between cases of a dysfunctional joint caused by a degenerative 
disease or ankylosis and cases in which reconstruction of a section of the mandible 
includes the TMJ. Advances in surgery to treat cancer of the head and neck have led 
to the creation of subtotal defects on an irradiated bed or and are that could be irradi-
ated. These defects require a larger quantity of tissue and better vascularization; 
therefore, microvascular fl aps tend to be used. 

 Condylar reconstruction techniques include costochondral grafts, vertical sliding 
osteotomy of the upper border of the ramus, sternoclavicular grafts, grafts of the 
second metatarsal, and prosthesis. 

 The system used by Kaban et al. [ 81 ,  82 ] to describe condylar defects can be 
applied to tumor resection, as follows:

•    Class I defects, which only affect the condyle. The reconstruction articulates 
with the intact joint surface.  

•   Class II defects, in which condyle and articular disc are absent. The reconstruc-
tion articulates with the fi brous cartilage of the glenoid fossa and eminence of the 
temporal bone.  

•   Class III defects, in which the condyle, articular disc, and glenoid fossa are 
absent. Reconstruction of the middle cranial fossa and the joint is necessary.    

 Therefore, depending on the resected area, reconstruction must be adapted to 
anatomy and function. In unilateral openings, the objective is 35–40 mm; in bilat-
eral openings, it is 30 mm. Potter and Dierks [ 80 ] report their reconstruction sched-
ule according to the class of defect.

•    Class I defects should have a good functional prognosis; therefore, the key to a 
successful procedure is careful remodeling of the proximal end of the fi bula fl ap 
and its anatomical placement. A free condylar graft can also be added to the end 
of the fi bula.  

•   Class II defects can be better restored with a contoured fi bula and interposition 
of an auricular cartilage graft. This provides a stable bone reconstruction and the 
formation of pseudoarthrosis in the joint. The second metatarsal can also be used 
when only the structures of the TMJ are to be reconstructed.  

•   Class III defects that extend along the proximal mandible can be reconstructed 
by combining the fi bula and the second metatarsal, or the fossa can be recon-
structed with nonvascularized grafts, placement of an interposition fl ap, and 
mandibular reconstruction with a fi bula fl ap.    

 In addition to the classic techniques described, it is also possible to use 2-step 
distraction osteogenesis for the reconstruction of the horizontal ramus and the 
ascending ramus, as described by Wang et al. [ 83 ], and to apply new technology to 
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design double-barrel fi bula fl aps in which one fragment slides along the other for 
reconstruction of the condyle [ 84 ]. 

 The promising results of Liu et al. [ 85 ] were based on three-dimensional porous 
titanium scaffold or allogenic bone scaffold combined with osteogenic and chon-
drogenic material and bone marrow stromal stem cells for repair of condylar defects 
in vivo using tissue engineering.  

1.11     Application of Technology in Mandibular 
Reconstruction 

 Current advances in reconstruction in oral and maxillofacial surgery include naviga-
tion systems, 3D imaging, virtual planning, stereolithographic models, and custom 
prostheses. 

 Navigation systems enable the surgeon to know the position of surgical instru-
ments in the patient’s anatomy in real time. They were fi rst described in the mid- 
1990s for stereotactic brain surgery. Taylor subsequently began to use them in our 
specialty this century. 

 Computer-assisted surgery is based on acquisition of preoperative images, which 
are processed to create three-dimensional models, plan surgery, and perform the 
intervention virtually. 

 Another important advantage of computer-assisted surgery is that it enables us to 
create stereolithographic models, cutting guides, and custom prostheses. The main 
benefi t of this approach is that it can create mirror images of healthy areas for recon-
struction of resected areas. 

 CAD/CAM enables us to improve surgical accuracy, improve rehabilitation 
prostheses, and reduce postoperative morbidity and surgical time. 

 When applying this technology in our practice, the necessary steps are as follows:

•    Defi nition of the surgical problem.  
•   Analysis of all the options taking into account the diagnosis, prognosis, and 

patient preferences.  
•   Selection of the surgical strategy.  
•   Acquisition and processing of images to create three-dimensional images.  
•   Performance of virtual surgery on the images using specifi c software that enables 

us to make all three-dimensional movements.  
•   Creation of cutting guides, surgical models, and custom prostheses using CAD/

CAM.  
•   Use of the material obtained during virtual surgery to guide surgical incisions. 

We can also use intraoperative surgery in order to perform guided resections and 
place custom prostheses.    

 Mandibular reconstructions that were unthinkable only 10 years ago are now 
being performed. Levine et al. [ 86 ] published a study of four complete mandibular 
reconstructions with prosthesis fi tted during the same procedure, as did Wang et al. 
[ 84 ], who applied 3D technology for reconstruction of the mandible with the con-
dyle using microsurgical double-barrel fi bular fl aps. 
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 Thanks to these advances, we can perform complex reconstructive surgery while 
being sure of the outcome, since we know exactly where to make incisions in both 
ablative and reconstructive surgeries [ 89 ]. We will also be able to use mandibular 
reconstruction plates and previously modeled custom prostheses (Figs.  1.37 ,  1.38 , 
 1.39 ,  1.40 ,  1.41 ,  1.42 ,  1.43 ,  1.44 ,  1.45 , and  1.46 ).

  Fig. 1.37    Preoperative 
view       

  Fig. 1.38    Virtual planning 
resection       
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  Fig. 1.39    Virtual planning 
defect       

  Fig. 1.40    Virtual planning 
reconstruction with fi bula 
free fl ap       
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  Fig. 1.42    Surgical guided 
resection at mandibular 
tumor       

  Fig. 1.43    Surgical guided 
resection of fi bula fl ap       

  Fig. 1.41    Stereo-
lithographic model with 
adapted plate       
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  Fig. 1.44    Fibula free fl ap 
with reconstructed plate       

  Fig. 1.45    Intraoperative 
reconstruction       

  Fig. 1.46    Postoperative 
view       
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  2      Maxillary and Middle Face 
Reconstruction       
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    Abstract  
  Reconstruction of the maxilla is a challenge for the maxillofacial and oral 
 surgeon. Defects caused by injury or tumor resection alter the stomatognathic 
system, leading to cosmetic and functional abnormalities. 

 Surgery for primary reconstruction of defects resulting from tumor resection 
is less complicated because no radiation therapy has been administered and 
fi brosis is not present. Consequently, the patient can return to work and regain a 
normal social and personal life. 

 Since there is no ideal surgical technique for reconstruction of the middle 
third, the type of defect, general status, and experience of the surgical team are 
key factors.  
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2.1          Introduction 

 The maxilla is the most important bone of the facial skeleton. It provides support to 
essential cosmetic structures and is involved in major functions such as chewing, 
speech, and swallowing. 

 Reconstruction of middle third defects is a challenge for the surgeon. According 
to Smolka et al. [ 1 ], ablative surgery, which is performed to treat tumors and inju-
ries, necessarily implies a modifi cation of the stomatognathic system. 

 Few patients undergo maxillectomy for maxillary cancer or gum cancer. Kreeft 
et al. [ 2 ] reported that the incidence of maxillary cancer in the United States was 
less than one case per 100,000 inhabitants. The different histologic types include 
adenocarcinoma, squamous cell carcinoma, adenoid cystic carcinoma, minor sali-
vary gland carcinoma, and melanoma. 

 Many of these tumors, especially those located in the maxillary sinus, grow pro-
gressively to cause minor symptoms such as recurrent sinusitis, displacement of 
teeth, nasal respiratory insuffi ciency, and allergic processes. Therefore, at diagnosis, 
the tumors are considered advanced and invasive. 

 The treatment of choice for maxillary tumors is surgery, which involves resection 
with safety margins and immediate reconstruction. During the last few decades, a 
considerable percentage of maxillary tumors have been observed to metastasize to 
the cervical region, with the result that many authors recommend regional cervical 
treatment, mainly in stage III and IV maxillary sinus tumors and in undifferentiated 
tumors. Many such tumors subsequently require adjuvant approaches, such as radi-
ation therapy and chemotherapy. In this chapter, we do not establish the indications 
for the different treatments; rather, we attempt to identify the most appropriate 
reconstruction technique for the postsurgical defect. 

 The fi rst use of reconstructive surgery can be traced back to India before 2000 
BC, when a nasal reconstruction procedure was performed using a frontal fl ap. 

 The maxilla enables us to chew, prevents the passage of solids and liquids to the 
nostrils and maxillary sinus, supports the eyeball, holds the teeth (which are involved 
in phonation, chewing, and physical appearance), ensures appropriate positioning 
of the eyeball, and enables the patient to speak. Therefore, all of these functions 
must be restored after maxillectomy. According to Okay et al. [ 3 ], the best cosmetic 
and functional results are obtained when the objective of surgery is oral rehabilita-
tion and recovery of occlusion using dental prostheses. Cordeiro and Chen [ 4 ] state 
that maxillary reconstruction should achieve the following objectives:

    1.    Closure of the surgical wound   
   2.    Elimination of the maxillary defect   
   3.    Provision of support to the eyeball (if retained) or fi lling of the cavity after 

exenteration   
   4.    Maintenance of the barrier between the paranasal sinuses and the anterior cranial 

fossa   
   5.    Recovery of facial contour   
   6.    Reconstruction of the palate   
   7.    Provision of functional dentition    
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  Since no single surgical technique can achieve all these objectives, maxillary 
reconstruction can vary depending on the extent of the resection (of both hard and 
soft tissue) and comorbidities. 

 Defects were traditionally repaired using obturators; however, the advances in the use 
of other tissues described by Futran and Mendez [ 5 ], particularly microvascular free fl aps 
and pedicle fl aps, have considerably increased the number of options for reconstruction. 

 Reconstruction of the maxilla and intraoral and/or extraoral soft tissue defects 
can be performed immediately (together with ablative surgery) or delayed (during a 
second procedure). Reconstruction performed during the initial procedure for head 
and neck defects was fi rst proposed by Edgerton [ 6 ] in 1951. 

 According to Navarro Cuellar [ 7 ], the advantages of immediate reconstruction 
are as follows:

•    Only one procedure required  
•   Greater simplicity: no fi brosis after surgery or radiation therapy  
•   More cost-effective  
•   Earlier return to work and a normal social and personal life  
•   Better recovery from the psychological problems caused by the deformity and by 

concern over the need for surgery in the future    

 Nevertheless, reconstructive procedures are long and require two teams working 
simultaneously. 

 The advantages of delayed reconstruction are as follows:

•    Recurrences are detected more easily in patients who have not undergone a 
reconstructive procedure.  

•   Approximately 50 % of patients die within 3 years; therefore, it is better to wait and 
perform reconstruction surgery in patients in whom no recurrences are detected.    

 The disadvantages are higher costs, more complicated technique, and modifi ca-
tion of vascular structures by radiation therapy. Finally, we cannot forget the psy-
chological effects and severe functional restrictions associated with facial defects. 

 According to some authors, immediate reconstruction has the disadvantage that 
recurrences may be diffi cult to detect in 50 % of T3 and T4 tumors, although current 
imaging techniques (e.g., computed tomography, magnetic resonance, and endos-
copy) make it easy to overcome this disadvantage, since even minute recurrences 
can be detected. Consequently, today, the possibility of early recurrence is no longer 
a contraindication for immediate reconstruction. 

  In summary, we are very much in favor of immediate reconstruction.   

2.2     Classification of Maxillectomy Defects 

 Maxillectomy involves partial or total resection of the maxilla. Lizards [ 8 ] fi rst 
described total maxillectomy in 1826. Two years later, Syme [ 9 ] performed the fi rst 
maxillectomy combined with enucleation without a general anesthetic. 

 According to Eley and Watt-Smith [ 9 ], the indications for maxillectomy include 
benign and malignant tumors of the bone itself, as well as cancer of neighboring tissue. 
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The objective of surgery is to ensure an adequate safety margin. In most cases, the pro-
cedure is performed to treat malignant tumors, mainly squamous cell carcinoma (80 %). 

 Given that there is no single internationally accepted classifi cation for maxillec-
tomy, the literature contains several options, such as the classifi cations of Wells and 
Luce [ 10 ], Spiro et al. [ 11 ], Davison et al. [ 12 ], Cordeiro and Santamaria [ 13 ], and 
Triana et al. [ 14 ], which are based on the nature of the procedure itself or on the 
resulting defect, as stated by Bidra et al. [ 15 ]. 

 We use the classifi cation proposed by Brown et al. [ 16 ,  17 ]. 

2.2.1     2010 Brown Classification 

 In 2000, Brown published a classifi cation of maxillectomy defects [ 16 ] that was 
modifi ed in 2010 [ 17 ]. Thus, defects are classifi ed according to their vertical and 
horizontal components.

  Vertical 
   I.     Maxillectomy not causing an oroantral fi stula   
   II.    Maxillectomy not involving the orbit   
   III.    Maxillectomy involving the orbital adnexa with orbital retention   
   IV.    Maxillectomy with orbital enucleation or exenteration   
   V.    Orbitomaxillary defect   
   VI.    Nasomaxillary defect   
   VII.    Maxillary defect not causing an oronasal fi stula    

  Horizontal 
   (a)    Palatal defect only, not involving the dental alveolus   
   (b)    Defect less than or equal to one half unilateral   
   (c)    Defect less than or equal to one half bilateral or transverse anterior   
   (d)    Defect greater than one half maxillectomy (Fig.  2.1 )

       Poetker et al. [ 18 ] report complications arising from surgery, including cerebro-
spinal fl uid leak, mucocele, trigeminal nerve pain, osteomyelitis, perforation of the 

a b c d

  Fig. 2.1    Vertical and horizontal defects. Brown classifi cation 2010       
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nasal septum, oroantral and oronasal communications, loss of midface projection, 
nasal collapse, formation of synechiae, alar retraction, and ectropion.   

2.3     Reconstructive Techniques 

2.3.1     Obturators 

 An obturator is any dental prosthesis that prevents oroantral and oronasal com-
munication while reestablishing dentition and speech. It is a simple, nonsurgical 
option. Pittman and Zender [ 19 ] favor performing a dental assessment before 
surgery so that the necessary extractions of infected teeth can be made and an 
impression can be taken for the obturator if reconstruction of resected tissue is 
not planned. However, it may be diffi cult for these prostheses to remain in place, 
as they are made before surgery. Park and Kwon [ 20 ] maintain that delayed sur-
gical obturators can provide better functional results than immediate obturators. 

 We are against the use of obturators for the following disadvantages:

•    Defi cient aesthetic and functional reconstruction  
•   Rhinolalia  
•   Midface retrusion  
•   Inadequate prosthetic rehabilitation  
•   Diffi cult insertion in patients with trismus (Figs.  2.2  and  2.3 )

  Fig. 2.2    Right maxillectomy. 
Reconstruction with an obturator       
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       The nineteenth century saw the fi rst descriptions of pedicle fl aps, which were an 
alternative in the management of maxillectomy defects. Other surgical techniques 
became available over time, including nonvascularized grafts, free fl aps, and dis-
traction osteogenesis. The size of the soft or hard tissue defect is crucial when 
deciding on a reconstruction technique. Nevertheless, there is no consensus on the 
ideal approach for each type of defect [ 1 ].  

2.3.2     Local Flaps 

 Local and regional fl aps are the fi rst choice for small defects such as those affecting 
the palate, maxillary tuberosity, and oroantral communications. 

2.3.2.1     Bichat Fat Pad 
 This structure was reported by Bichat in 1802, although it had already been described 
by Heister in 1732 and Winslow in 1753. Egyedi was fi rst to use it for reconstruc-
tion of the oral cavity in 1977 [ 21 – 25 ]. 

  Fig. 2.3    Midface retraction        
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 Vascularization depends on three arteries: the buccal branch and the deep tempo-
ral branch, both of which are branches of the internal maxillary artery, and the 
transverse facial artery, which is a branch of the superfi cial temporal artery. Blood 
supply is also provided by small branches of the facial artery. Such diversity of sup-
ply ensures the safety of this option. 

 The Bichat fat pad can be used to close fi stulas of the palate (post-extraction, 
post-maxillectomy) and small mucosal defects (Figs.  2.4  and  2.5 ).

2.3.3          Regional Pedicle Flaps 

 Regional pedicle fl aps were fi rst used in the nineteenth century. Flap survival always 
depends on integrity and appropriate vascularization once the fl ap has been surgi-
cally designed. 

 According to Muzaffar et al. [ 26 ], the fi rst fl aps used for reconstruction of the 
midface were the deltopectoral fl ap, pectoralis major fl ap, latissimus dorsi fl ap, 
temporalis fl ap, sternocleidomastoid fl ap, and trapezius fl ap. The pectoralis, 
latissimus dorsi, and trapezius are too bulky and diffi cult to adapt for most 
defects. 

  Fig. 2.4    Reconstruction 
of the maxillary tuberosity 
with Bichat fat pad       

  Fig. 2.5    Intraoperative 
result       
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 Pedicle fl aps are used for larger defects. Carstens et al. [ 27 ] stated that pedicle 
fl aps were limited by the length of the vascular pedicle and the lack of suffi cient 
tissue to fi ll the defect. Their intrinsic characteristics make these fl aps ideal for 
elderly patients with a high cardiovascular risk. 

2.3.3.1     Buccinator Flap 
 The buccinator is made of fl exible, thin tissue, and, according to Zhao et al. [ 28 ], its 
properties are satisfactory. It is covered medially by mucosa and laterally by the 
masseter, the ascending mandibular branch, the Bichat fat pad, and the buccopha-
ryngeal fascia. Anteriorly, it is intertwined with the orbicularis oculi; posteriorly, it 
inserts into the pterygomandibular ligament. 

 Kaplan [ 29 ] fi rst used the buccal mucosa in 1975, followed by Maeda et al. [ 30 ], 
who incorporated fi bers from the buccinator. Bozola et al. [ 31 ] reported that the 
buccal artery and facial artery [ 27 ,  32 ] provided the main supply to the fl ap. Venous 
drainage is by the pterygoid plexus and the facial vein. 

 The buccinator can be used for posterior-based fl aps. It can be tunneled below 
the pterygomandibular ligament to close defects of the palatine and pharyngeal 
mucosa, dental alveolus, and fl oor of the mouth. Its design can also be anterior 
based to close defects of the anterior hard palate, dental alveolus, maxillary sinus, 
fl oor of the nasal cavity, lip, and orbit. 

 Nowadays, we do not use this fl ap for any maxillary defects.  

2.3.3.2     Temporalis Muscle Flap 
 The temporalis muscle fl ap was fi rst described in 1898 by Golovine [ 33 ] for recon-
struction of an orbital defect after exenteration. 

 In a study with rhesus monkeys in 1981, Bradley and Brockbank [ 34 ] reported 
the possibility of rotating the temporalis muscle toward the mouth after division of 
the zygomatic arch and base of the coronoid. 

 Cheung [ 35 ] described the rich microvascular network of the temporalis muscle, 
which depends on three main arteries: the anterior deep temporal artery, the posterior 
deep temporal artery, and the middle temporal artery. The fi rst two arteries are 
branches of the internal maxillary artery, whereas the third arises from the superfi cial 
temporal artery. Such extensive vascularization makes the temporalis fl ap a very safe 
reconstructive technique for intraoral defects, with relatively few complications dur-
ing recovery. Survival of this fl ap is based on preservation of the deep temporal artery. 

 Ahmed Djae et al. [ 36 ] report the following advantages for the temporalis muscle fl ap:

•    Both the fl ap and the area to be reconstructed are found in the same surgical fi eld.  
•   The muscle is quite bulky.  
•   Adequate vascularization.  
•   The fl ap comprises muscle and fascia.  
•   Minimal morbidity.  
•   The cosmetic defect in the temporal fossa can be corrected with a prosthesis.    

 We use this fl ap for Brown type IA and IIA defects [ 17 ]. In the case of type IIIA 
defects, we use it to reconstruct the palate in combination with other fl aps. 
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 Functional rehabilitation is done with a mixed prosthesis based on the contralat-
eral teeth and a removable partial denture with attachments or implants in the con-
tralateral maxilla. In our experience, we place Mozo Grau implants (MG osseous) 
in the contralateral maxilla with excellent results. 

 Although Cheung [ 35 ] describes submucosal neovascularization during the fi rst 
weeks after muscle transfer, the approach does permit subsequent surgery for recon-
struction with cortical-cancellous chips and titanium mesh before dental rehabilita-
tion with implants. We do not use this technique. 

 Complications are often associated with the size of the defect and the location of 
the structure to be replaced. They include the following:

•    Oroantral communications  
•   Partial/total fl ap loss  
•   Diffi culties with chewing and/or mouth opening  
•   Paresis/paralysis of the frontal branch of the facial nerve  
•   Hematoma, superinfection, and cosmetic defects at the donor site (Figs.  2.6 ,  2.7 , 

 2.8 ,  2.9 ,  2.10 ,  2.11 , and  2.12 )

  Fig. 2.6    Palatal 
reconstruction after IA 
maxillectomy       

  Fig 2.7    Defi nitive 
occlusion       
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  Fig. 2.8    Postoperative view       

  Fig. 2.9    Prosthetic 
rehabilitation with dental 
implants on the 
contralateral hemimaxilla       

  Fig. 2.10    Prosthesis       
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2.3.3.3                 Temporoparietal Fascial Flap with Parietal Bone Flap 

 In 1898, Brown [ 37 ] and Monks [ 38 ] fi rst reported using this fl ap to reconstruct the 
external ear and upper eyelid. 

 The temporoparietal fascial fl ap has a very long axis of rotation, which, 
according to Roy et al. [ 39 ], enables high mobility. Furthermore, Lam and 
Carlson [ 40 ] report that the anatomy of the temporal artery system is very con-
stant, with blood supply to the fl ap provided by the superfi cial temporal vein and 
artery. 

 Mokal et al. [ 41 ] state that this reconstruction technique can be jeopardized by local 
traumatic injuries, previous surgery, radiation therapy, and carotid artery occlusion. 

  Fig. 2.11    Postoperative 
intraoral view       

  Fig. 2.12    Postoperative view       
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 Its advantages include the following:

•    Large area (approximately 14 × 17 cm)  
•   Thinness (2–4 mm)  
•   Inclusion of parietal bone    

 Its complications include the following:

•    Possible lesion of the frontal branch of the facial nerve  
•   Unsightly scars  
•   Alopecia on scar tissue    

 We rarely use this fl ap; sometimes we apply it to maxillectomy IIIA in combina-
tion with temporalis muscle fl ap. The parietal bone supports the eye in the right 
position, and the temporalis myofascial fl ap reconstructs the palate. 

 It can include parietal bone for reconstruction of malar bone defects. 
 Therefore, we use it in type IIA defects, where it holds the eyeball in place 

(Figs.  2.13 ,  2.14 ,  2.15 , and  2.16 ).

  Fig. 2.13    Harvesting 
myofascial temporalis fl ap 
and temporoparietal fl ap       
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  Fig. 2.14    Early 
postoperative intraoral view       

  Fig. 2.15    Mucosalization 
of the myofascial fl ap after 
6 months       

  Fig. 2.16    Postoperative view       
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2.3.3.4           Cervicopectoral Flap 
 For maxillary defects that require large reconstructions of facial skin, Sakellariou 
and Salama [ 42 ] consider the cervicoparietal fl ap an excellent alternative that pro-
vides an adequate cosmetic appearance and prevents the patchy effect of other tech-
niques. In addition, morbidity of the donor site is minimal, as reported by Shestak 
et al. [ 43 ]. According to Soler-Presas et al. [ 44 ], dissection is quick, easy, and safe. 

 The cervicopectoral fl ap can be used in combination with other fl aps such as the 
rectus abdominis and temporal myofascial fl aps, which provide bulk (Figs.  2.17 , 
 2.18 ,  2.19 ,  2.20 ,  2.21 ,  2.22 , and  2.23 ).

  Fig. 2.17    Preoperative view       

  Fig. 2.18    Intraoperative 
resection and 
reconstruction design       
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  Fig. 2.19    Tumor resection       

  Fig. 2.20    Intraoperative 
defect       

  Fig. 2.21    Filling of the 
orbital cavity with 
myofascial temporalis fl ap       
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2.3.4               Microvascular Free Flaps 

 In cases where the defect is extensive and involves the palate, with few teeth remain-
ing, Brida et al. [ 15 ] recommend surgical reconstruction aimed at a more favorable 
outcome of prosthodontic treatment in order to guarantee that the patient can speak 
and swallow again. Therefore, in our hands, free bone fl aps are the approach of 
choice, since they make it possible to fi t osseointegrated MG osseous implants and 
manufacture a prosthesis for dental-alveolar rehabilitation. 

 During the last 25 years, microvascular free fl aps have been a unique alternative 
for the reconstructive surgeon. Many options are available, depending on the need 
for soft and bony tissue. 

  Fig. 2.22    Cervicopectoral 
fl ap dissection       

  Fig. 2.23    Postoperative view       
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 This alternative prevents the length of the vascular pedicle from being a limita-
tion to reconstruction. In addition, it enables the fl ap to be directed in such a way 
that it can adapt more accurately to the defect. 

 Futran [ 45 ] proposed the use of microvascular fl aps, although no benefi t has been 
shown with a single fl ap. 

 Nevertheless, as reported by Kajikawa et al. [ 46 ], the main problems are the 
resulting scar, the variation in the color of the fl ap, and the difference in texture with 
respect to the rest of the facial tissue. 

 Reconstruction of extensive composite defects involving bone, oral mucosa, 
skin, and soft tissue sometimes requires a combination of fl aps, as reported by Wei 
et al. [ 47 ]. Schliephake [ 48 ] recommends reconstructing the alveolar process, but-
tresses, orbital walls, and zygomatic bone using bony components to achieve a sat-
isfactory outcome in the long term. 

 Kokemueller et al. [ 49 ] reported on computer-assisted primary reconstruction of bone 
contour with tailored titanium implants combined with soft tissue free fl aps to fi ll defects. 

2.3.4.1     Rectus Abdominis Flap 
 The rectus abdominis fl ap is an easily designed musculocutaneous fl ap with a large 
pedicle (inferior epigastric vessels). 

 Brown type IVA defects are the ideal indication for this fl ap, which provides the 
bulk of the missing soft tissue. 

 We use the rectus abdominis fl ap in combination with the temporalis myofascial 
fl ap: the rectus abdominis provides bulk, and the temporalis muscle is used to recon-
struct the soft and/or hard palate defect. It is an excellent alternative to the iliac crest 
microsurgical fl ap. 

 We also use it to provide bulk in type IIIA defects (Figs.  2.24 ,  2.25 ,  2.26 ,  2.27 , 
 2.28 ,  2.29 , and  2.30 ).

  Fig. 2.24    MRI image of 
the tumor       
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  Fig. 2.25    Surgical defect       

  Fig. 2.26    Specimen       
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  Fig. 2.27    Harvesting of 
the rectus abdominis free 
fl ap       

  Fig. 2.28    Position of the 
fl ap at the face       
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  Fig. 2.29    Postoperative 
view       

  Fig. 2.30    Intraoral aspect 
of the reconstruction       
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2.3.4.2             Osteofasciocutaneous Fibula Flap 
 The fi rst microvascular fl ap with bone was used by Taylor et al. [ 50 ] to treat a post- 
traumatic tibial defect in 1975. In 1979, Gilbert [ 51 ] reported a lateral approach for 
dissecting the fl ap. In 1983, Chen and Yan [ 52 ] became the fi rst authors to incorpo-
rate a skin paddle. However, it was not until 6 years later that Hidalgo [ 53 ] used the 
fl ap for reconstruction of the mandible. 

 The constant caliber of the pedicle enabled Wei et al. [ 54 ] to the distal end of the 
fi bular vessels as an anastomosis site for a second free fl ap. 

 Periosteal supply from the peroneal artery and endosteal blood supply from the 
nutrient artery, a branch of the peroneal artery, as reported by Pototschnig et al. [ 55 ], 
make it possible to perform multiple osteotomies providing that no damage has 
been done to the periosteum. 

 This technique is useful for type Ic and Id defects and is an alternative in Brown 
type II defects [ 17 ]. Reconstruction of soft tissue defects can be achieved using the 
skin paddle reported by Navarro Vila et al. [ 56 ].

  Advantages 
•   The large quantity of bone available (4 cm up to 25 cm) makes the osteofasciocu-

taneous fi bula fl ap the largest bone fl ap, as described by Navarro Cuellar et al. [ 57 ].  
•   The associated skin paddle can be molded.  
•   Two surgical teams can work simultaneously.  
•   Minimum donor morbidity.  
•   Long pedicle with considerable vascular caliber that favors microsurgical 

anastomosis.  
•   Possibility of rehabilitation with implants owing to the primary stability result-

ing from the thickness of the cortex.  
•   The approach of choice in obese patients who need a bone fl ap.  
•   Abundant vascularization facilitates osteotomy and adaptation of the fl ap to the 

resulting maxillary defect.   

  Complications 
•   Vestibuloplasty is necessary in order to place the prosthesis on the implants.  
•   Placement of the implants must be delayed owing to the large amount of osteo-

synthesis material necessary for shaping the reconstruction.  
•   Implants should be placed 12–18 months after radiation therapy, once the osteo-

synthesis material has been removed (Figs.  2.31 ,  2.32 ,  2.33 ,  2.34 ,  2.35 ,  2.36 , 
 2.37 ,  2.38 ,  2.39 ,  2.40 ,  2.41 ,  2.42 ,  2.43 ,  2.44 , and  2.45 ).
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  Fig. 2.33    Surgical 
specimen       

  Fig. 2.31    Preoperative 
CT       

  Fig. 2.32    Surgical defect       
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  Fig. 2.34    Fibula free fl ap       

  Fig. 2.35    Early 
postoperative image       

  Fig. 2.36    OPT control       
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  Fig. 2.37    OPT with MG 
osseous implants       

  Fig. 2.38    Six months after dental rehabilitation       

  Fig. 2.39    Surgical defect       
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  Fig. 2.40    Bilateral 
maxillectomy       

  Fig. 2.41    Contouring free 
fi bula fl ap       

  Fig. 2.42    Fibula fl ap 
reconstruction       
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  Fig. 2.43    Dental 
prosthesis       

  Fig. 2.44    CT with free 
fi bula fl ap and MG osseous 
implants reconstruction       

  Fig. 2.45    Postoperative views       
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2.3.4.3                        Radial Forearm Fasciocutaneous Flap 

 Also known as the Chinese fl ap, the radial forearm fasciocutaneous fl ap was fi rst 
reported in 1981 by Yang et al. [ 58 ] and they used it to treat burns of the head and neck. 

 Its vascular pedicle is based on the radial artery, which is accompanied by two 
veins of the same length and half the diameter that drain into the ulnar vein. A 
superfi cial vein, the cephalic vein, is also present. 

 Futran [ 45 ] reported that the radial fl ap can be dissected with bone, although 
the length and width of the available bone restricts its use to small anterior 
defects that do not require implants. Furthermore, in patients requiring recon-
struction of a bone defect, our fi rst option is always the osteofasciocutaneous 
fi bula fl ap. 

 For Dufl o et al. [ 59 ], this is an ideal fl ap for the reconstruction of mucosal defects 
and defects of the soft tissue of the oral cavity and soft palate. It is ideal for exten-
sive surfaces and small volumes. 

 In our daily practice, we never use the radial forearm osteofasciocutaneous fl ap 
for maxillary reconstruction for these reasons:

•    The amount of bone that we can obtain is limited because it is necessary to main-
tain the continuity of the remnant radial bone and bone availability is limited to 
40 % of the radius circumference.  

•   Great morbidity of the donor site with up to 25 % of pathological fractures.  
•   The dental implants we can use are very short, so they are not useful for pros-

thetic rehabilitation.     

2.3.4.4    Iliac Crest Flap 
 In 1979, Taylor et al. [ 60 ] reported the usefulness of the deep circumfl ex iliac artery, 
which supplies the iliac bone. Five years later, Ramasastry et al. [ 61 ] identifi ed the 
ascending branch of the deep circumfl ex iliac artery as the main artery of the inter-
nal oblique muscle. 

 The iliac crest fl ap is indicated for type II and IIIA defects. In type IIIA defects, 
orbital volume can be restored by placing the bony component in a vertical position. 
If the internal oblique muscle is incorporated as described by Dufl o et al. [ 59 ], the 
maxillectomy defect can be safely reconstructed, since the fi stula is obliterated with 
the muscle, which reepithelializes without providing excessive bulk. 

 Baliarsing et al. [ 62 ] report the use of this bone fl ap for maxillary reconstruction. 
It enables the alveolar ridge to be restored for dental rehabilitation, provides soft 
tissue for separating oral and nasal defects, supports the orbit, and ensures appropri-
ate malar projection.

  Advantages 
•   The fl ap can be used to shape the alveolar ridge, the infraorbital ridge, and the 

zygomatic process of the maxilla.  
•   Immediate placement of osseointegrated implants.  
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•   The internal oblique muscle can be used to reconstruct intraoral soft tissue.  
•   The skin paddle can be used to reconstruct extraoral defect that is present.  
•   The bone is short, up to7–9 cm.  
•   The fl ap cannot be used for bilateral defects.  
•   Limited mobility of soft tissue with respect to bone.  
•   Donor site morbidity.  
•   Relatively short pedicle. In some cases, venous grafts are necessary, and it can 

increase the risk of thrombosis, as reported by Brown et al. [ 63 ] (Figs.  2.46 ,  2.47 , 
 2.48 ,  2.49 , and  2.50 ).

  Fig. 2.47    Surgical defect       

  Fig. 2.46    Maxillary 
squamous cell carcinoma       
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  Fig. 2.48    Intraoperative 
view of the reconstruction       

  Fig. 2.49    OPT 
postoperative control       

  Fig. 2.50    Early and 6 months postoperative views       
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2.3.4.5              Scapular Flap 

 According to Dufl o et al. [ 59 ], the scapular fl ap has the advantage that soft tissue 
can be rotated and placed in many different ways, thus making it more versatile than 
other microsurgical fl aps. If the angular branch of the thoracodorsal artery is 
included in the design, as proposed by Triana et al. [ 14 ], then both the tip and the 
most lateral area of the bone can be included in the fl ap. Similarly, several fl aps 
from the subscapular system have been described. 

 Their surgical indications are similar to those of the osteofasciocutaneous fi bula fl ap.

  Advantages 
•   Greater mobility of soft tissue than with other fl aps   

  Disadvantages 
•   The scapular fl ap cannot be harvested simultaneously with another fl ap because 

of the need to vary the patient’s position.  
•   Complex bone orientation.  
•   Relatively short pedicle.  
•   Possible lower volume in women (Figs.  2.51 ,  2.52 ,  2.53 ,  2.54 , and  2.55 ).

  Fig. 2.51    Preoperative 
CT       
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  Fig. 2.52    Surgical defect       

  Fig. 2.53    Scapular fl ap 
design       
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  Fig. 2.54    Intraoperative 
view of the placement of 
the fl ap       

  Fig. 2.55    Intraoral 
postoperative view       
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2.3.5                Distraction Osteogenesis 

 Initially used to lengthen long bones, distraction osteogenesis is another option for 
reconstructing maxillary defects. In 1905, Codivilla [ 64 ] fi rst used the technique to 
lengthen a femur and thus correct differences in leg length. 

 In 1988, Ilizarov and Soybelman [ 65 ] began a series of investigations and appli-
cations for distraction osteogenesis in the facial bones. 

 The surgical procedure is followed by different periods:

•    Latency period: 5–7 days  
•   Distraction (lengthening) period: approximately 1 mm per day  
•   Consolidation period: 8–12 weeks  
•   Withdrawal of the distraction device once ossifi cation has been confi rmed    

 The complications of this technique are as follows:

•    Incorrect distraction vector  
•   Dehiscence and exposure of the fragment to be transferred  
•   Fracture of the transferred element during surgery or diffi culty performing the 

osteotomy  
•   Defects of bone formation    

 Niu et al. [ 66 ] state that distraction osteogenesis can reestablish the lost architec-
ture of the maxilla by providing a natural facial appearance with normal speech and 
swallowing. Furthermore, Bengi et al. [ 67 ] report that it enables the soft tissue pro-
fi le to be improved. 

 We use distraction for defects of the alveolar crest in the cases of very low tumors 
and very well-differentiated ones and in patients with very high maxilla (Figs.  2.56 , 
 2.57 ,  2.58 ,  2.59 ,  2.60 , and  2.61 ).

  Fig. 2.56    Epidermoid 
carcinoma arising from a 
previous lichen planus       
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  Fig. 2.57    Resection       

  Fig. 2.58    Starting 
distraction       

  Fig. 2.59    OPT during the 
latency period       
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  Fig. 2.60    Eight MG 
osseous implants placed in 
the distracted bone before 
we remove the distractor       

  Fig. 2.61    Final occlusion       
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    Abstract  
  Treatment of tumors of the cranio-orbital region is a challenge for the surgeon. It 
requires appropriate presurgical evaluation and planning of the reconstructive 
approach in order to ensure a favorable cosmetic and functional outcome and 
prevent potentially fatal complications. One of the main objectives of reconstruc-
tion of defects of the cranio-orbital region is that of ensuring complete closure of 
the dura mater using well-vascularized tissue that separates endocranial struc-
tures from the upper aerodigestive tract. The incorporation of microvascular 
fl aps has made it possible to reach this objective with a low complication rate. In 
the case of bone resection that alters facial harmony, restoration should be based 
on bone grafts or biomaterial implants. Virtual planning techniques and surgical 
navigation constitute a major advance in the reconstruction of craniofacial skel-
etal defects.  
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3.1          Introduction 

 The cranio-orbital region is a complex anatomical region situated in the upper and 
middle thirds of the face. It includes the anterior cranial base. This region can be 
affected by a wide variety of benign and malignant tumors originating in any of its 
component structures and by infl ammatory or traumatic processes leading to defects 
with major cosmetic and functional repercussions that require reconstruction. In this 
chapter, we focus on the reconstruction of defects resulting from resection of tumors, 
which are the most frequent defects in this region. Advances in surgical approaches 
and reconstruction techniques have considerably extended the indications for surgi-
cal treatment of tumors affecting the cranial base. Appropriate reconstruction of 
defects in this region is critical if severe complications are to be prevented [ 1 ].  

3.2     Anatomy 

 The orbits are complex cavities formed by the mesenchymal tissue adjacent to the 
optic vesicle. They are situated on each side of the sagittal plane between the upper 
and middle third of the face. Each orbit has the form of a 4-sided pyramid whose 
function is to house and protect the eyeball and its adnexa. It is therefore essential 
for vision [ 2 ] (Fig.  3.1 ).

   The structure of the orbit comprises an anterior base and four walls that converge 
on a posterior apex situated at the level of the optic foramen. The anterior base lacks 
a bony wall, although it has a sphincter muscle (orbicularis oculi) located in the tis-
sue of the eyelids, which comprise mobile vertical skinfolds that protect the eyeball 
from light and foreign bodies. Structural stability is provided by the bony walls 
shaped around the orbital ridge thanks to seven facial bones: the upper portion of the 
maxilla, zygomatic bone, lacrimal bone, sphenoid bone, ethmoid bone, frontal 
bone, and palatine bone. 

  Fig. 3.1    Frontal view of 
orbital cavities       
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 The orbital fl oor is formed medially by the orbital process of the maxilla, anteri-
orly and laterally by the zygomatic bone, and posteriorly by the orbital process of 
the palatine bone. It is concave, rests directly on the maxillary sinus, and is com-
posed of a thin plate, making it prone to fracture. The infraorbital nerve courses 
across the orbital fl oor—fi rst in a fi ssure and then in a canal 1.5 cm from the orbital 
ridge—from its entry via the infraorbital foramen. The medial orbital wall com-
prises the frontal process of the maxilla anteriorly, as well as the lacrimal bone and 
the lamina papyracea of the ethmoid bone. In the anterior portion, we fi nd the ante-
rior and posterior lacrimal crests, which form the lacrimal fossa, a key element in 
the insertion of the medial orbital canthus. The orbital fl oor is the weakest of the 4 
walls and connects with the corresponding nostril. The lateral wall is formed by the 
frontal process of the zygomatic bone and the greater wing of the sphenoid. It is the 
most solid wall of the 4 and separates the orbit from the infratemporal fossa. The 
orbital roof is formed by the horizontal portion of the frontal bone and the lesser 
sphenoid wing. It sits directly between the orbit and the frontal sinus and communi-
cates with the anterior cranial fossa at its most posterior part. Together with the 
lateral wall, the roof forms a solid structure. Given its closeness to the cranial cavity, 
the surgical approach to treat conditions affecting this area (both trauma and tumors) 
must be made from the anterior cranial fossa. 

 The apex of the orbit is limited inferiorly by the greater sphenoid wing and supe-
riorly by the lesser sphenoid wing. Towards the external portion, a small part of the 
frontal bone fi lls the space between both wings at this level to create the superior 
and inferior orbital fi ssures. Deep within the structure and medially, we fi nd the 
optic foramen, through which the optic nerve and ophthalmic artery enter the orbital 
cavity. The superior orbital fi ssure also serves as a conduit for the third, fourth, and 
fi fth cranial nerves, the ophthalmic branch of the fi fth nerve, the ophthalmic vein, 
and a branch of the middle meningeal artery. This is also the point of insertion of the 
orbital muscles, which provide mobility to the eyeball. The orbital muscles are sur-
rounded by periorbital fat and periosteum as the last barrier attached to the bone. 

 The cranial fl oor separates the brain from the structures of the face. This com-
plex region can be divided into the anterior, middle, and posterior cranial fossae. 
The anterior cranial fossa communicates with the viscerocranium. It is also the 
roof of the viscerocranium, including the orbital roof laterally and the upper 
aerodigestive tract in the central area. The region is interesting in surgical terms 
because it is close to the orbits and the frontal, sphenoid, and ethmoid sinuses. 
Therefore, knowledge of its anatomy is important when planning the reconstruc-
tion of defects caused by trauma, tumor, or infection. Repair must be followed by 
complete postsurgical closure to prevent cerebrospinal fl uid leak to the facial 
region (Fig.  3.2 ).

   The anterior cranial fossa is limited posteriorly by an imaginary horizontal line 
that is perpendicular to the major axis of the cranium, between the sella turcica 
and the horizontal portion of the lesser sphenoid wing. It is concave and courses 
anteriorly over the cribriform plate and crista galli on the midline that symmetri-
cally divides the horizontal portion of the frontal bone, which in turn ascends to 
form the vertical portion of the frontal bone and thus create the anterior wall of the 
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cranial cavity. Laterally, the anterior cranial fossa is limited by the joint between 
the frontal and parietal bones (coronal suture). This area also contains the frontal 
lobes of the brain. 

 Exposure of the anterior cranial fl oor facilitates access to several facial structures. 
Laterally, access is gained to both orbits and, in the midzone, via the cribriform plate, 
to the roof of the nostrils and ethmoid air cells, which can contain tumors that are dif-
fi cult to reach. Caution must be exercised with several major structures; for example, 
the anterior portion of the circle of Willis, lateral to the sphenoidal sinus, gives off the 
middle cerebral arteries (which in turn give off the ophthalmic arteries) and the anterior 
cerebral arteries, which are situated in the horizontal portion of the lesser sphenoid 
wing. Other major structures include the following: the optic canal, which arises at the 
prechiasmatic sulcus and runs across the sphenoid to the orbit; the posterior ethmoidal 
foramen, which is situated where the lesser sphenoid wing meets the cribriform plate 
of the ethmoid bone and is a conduit for the posterior ethmoidal nerve, vein, and artery; 
and the cribriform plate, which is perforated by several openings for the passage of 
olfactory nerve fi laments. Damage to this plate could lead to anosmia. In the anterior 
portion, we fi nd the anterior ethmoidal foramen (for the anterior ethmoidal nerve, vein, 
and artery), and at the midline, between the ethmoid and frontal bones, we fi nd the 
foramen cecum, through which the emissary vein courses to the sagittal sinus.  

  Fig. 3.2    Anterior cranial 
fossa:  1  medial area, 
 2  lateral area,  3  suprasellar 
area       
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3.3     Principles of Treatment of Tumors of the Cranio-Orbital 
Region 

 Tumors affecting the anterior cranial base and associated structures can originate 
in the orbit, lacrimal gland, paranasal septa, nasal cavity, skin, and intracranial 
structures. Given the large variety of possible origins, tumors in this region are also 
histologically varied. The most frequent are squamous cell carcinoma, adenocarci-
noma, sarcoma, esthesioneuroblastoma, meningioma, and osteoma, as well as 
fi brous dysplasia, which is a tumorlike lesion. The treatment objectives in this 
region are control of the tumor and functional and anatomical reconstruction, as is 
the case in other tumors of the head and neck. A multidisciplinary approach is 
necessary. 

 According to Shah et al. [ 1 ], the fi rst reports of a transfacial–transcranial 
approach to treat orbital tumors were by Cushing in 1938 and Dandy in 1941. The 
fi rst resection using a combined cranial and facial approach was reported by Smith 
et al. in 1954 in a patient with a malignant tumor in the frontal sinus [ 3 ]. In 1963, 
Ketcham et al. reported a series of patients treated using anterior craniofacial 
resection for tumors in the ethmoidal sinuses [ 4 ]. Treatment of tumors in this 
region has improved thanks to the development of diagnostic methods such as 3D 
imaging, intraoperative imaging, neuronavigation, and intraoperative monitoring, 
as well as new surgical techniques (approach and reconstruction), especially the 
introduction of microvascular reconstruction techniques, which have fewer severe 
complications. Careful planning and in-depth knowledge of the local anatomy are 
essential. 

 The basic principles of anterior craniofacial resection are appropriate resection 
of the tumor according to its histologic type and extension. Malignant tumors 
should be addressed using en bloc resection covering major structures such as the 
ethmoidal sinuses, the anterior cranial fossa, or the roof of the nasal cavity (ante-
rior craniofacial resection) or lateral structures such as the orbit and its contents 
(anterolateral craniofacial resection). If en bloc resection is impossible or the mar-
gin is too wide because of vital structures in the region (e.g., cavernous sinus, 
brain), the widest resection possible should be performed in combination with 
radiation therapy.  

3.4     Diagnosis and Presurgical Planning 

 Before treatment, it is important to make a careful diagnosis based on the clinical 
history and the results of complementary tests [ 1 ]. The patient’s age, general sta-
tus, and comorbid conditions should be taken into account, as should the location, 
type, and extension of the lesion using imaging techniques such as magnetic reso-
nance and computed tomography (CT). If necessary, vascular status should be 
explored using angio-CT or magnetic resonance angiography. Imaging data can 
be included in a navigation system to facilitate guided resection of the tumor. If 
possible, the histologic diagnosis should be made by means of biopsy or, 
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occasionally, endoscopy, although this may be impossible before surgery in 
tumors located at inaccessible sites. Knowledge of the nature of the tumor, the 
location and extension of the tumor, and its relationship with structures such as 
the carotid or vertebral vessels, the dura mater, brain, cranial nerves, or periorbital 
area is the basis for planning the surgical approach, resection of the tumor, and 
reconstruction [ 5 ] (Fig.  3.3 ).

3.5        Surgical Approaches 

 Access to the lesion can be gained using various approaches depending on the 
region as follows:

•    Endoscopic techniques. The recent development of endoscopic techniques has 
enabled minimally invasive removal of selected tumors [ 6 ]. Although these tech-
niques represent a clear advance, their indication remains controversial, espe-
cially in the case of advanced malignant tumors.  

•   Medial labiomandibulotomy: The approach is anterior to the cervical spine. The 
procedure can be combined with other craniofacial approaches.  

•   Le Fort I osteotomy. Le Fort I osteotomy provides good access to tumors affect-
ing the cranial base and the central nasopharynx. Morbidity is low. This approach 
is not suitable for very extensive lesions, especially in the case of malignant 
tumors.  

•   Translocation of the facial middle third (pedicled maxillectomy). This group of 
approaches is based on freeing vascularized units of the middle third to enable 
broad access to the cranial base and deep facial regions. Reconstruction is safe 
once the units of the middle third are returned to their original location [ 5 ,  7 – 9 ]. 

  Fig. 3.3    RMI of a gigant 
meningioma       
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This type of maxillectomy is an excellent alternative in extensive tumors affect-
ing the central cranial base and deep anatomical regions such as the pterygomax-
illary and infratemporal fossae and the orbit.  

•   Subfrontal approach to the anterior cranial fossa (unilateral or bilateral). This 
approach requires a coronal incision and more or less extensive frontal craniot-
omy [ 10 ].  

•   Combined approaches: In the anterolateral approach, it may be necessary to 
combine a subfrontal approach with any of the other approaches cited (Figs.  3.4  
and  3.5 ).

  Fig. 3.4    Coronal approach 
extending preauricular 
regions       

  Fig. 3.5    Surgical 
specimen       
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3.6            Reconstruction of Defects of the Cranio-Orbital Region 

3.6.1     Objectives 

 After tumor resection in this area and after defects caused by injury, the objectives 
of reconstruction are as follows:

•    Complete sealing of the cranium  
•   Restoration of volume and craniofacial harmony  
•   Conservation of functions    

 In order to reach these objectives, a series of steps must be systematically com-
pleted [ 1 ,  11 ,  12 ] as follows:

•    Repair of defects of the dura mater  
•   Placement of a well-vascularized tissue barrier between the cranial cavity and 

the upper aerodigestive tract  
•   Reconstruction of bone architecture if it is necessary to restore facial cosmesis  
•   Restoration of soft tissue bulk  
•   Reconstruction of skin defects, preferably with skin of similar quality, color, and 

texture    

3.6.1.1     Surgical Techniques 
 Before the introduction of microvascular fl aps, isolation of the cranial cavity and 
coverage of defects in this region were based on free grafts such as fragments of 
fascia, muscle, or fat in order to eliminate naso-ethmoidal defects, or local fl aps, with 
a high rate of complications in large defects, especially in patients who had received 
radiation therapy [ 1 ,  12 ]. At present, the possibility of using microvascular free tissue 
and introducing new digital techniques in the diagnosis and planning of resection and 
reconstruction of cranio-orbital tumors has considerably improved outcomes and 
reduced the number of complications associated with this type of surgery.    

3.7     Local and Regional Flaps 

 Local and regional fl aps include fl aps of the pericranium, epicranial aponeurosis, 
and the combination of both (galeal–pericranial fl ap), as well as the temporalis mus-
cle fl ap. These fl aps are simple and safe, although in extreme defects of the fl oor of 
the cranium and orbitofacial region, they cannot guarantee appropriate isolation and 
repair of intracranial structures. Local scalp fl aps can be used to cover minor skin 
defects or major resections when it is impossible to perform more complex recon-
structions or as a rescue approach when these fail.

•    Mucosal fl aps. Recently developed endoscopic approaches have increased the 
importance of mucoperiosteal and mucoperichondrial fl aps. These fl aps are 
based on the vessels of the nasal septum and are an alternative to nonvascularized 
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fascial or mucous tissue free fl aps to close small defects in the naso-ethmoidal 
region and thus prevent cerebrospinal fl uid rhinorrhea [ 6 ,  12 ]  

•   Pericranial fl aps or combined fl aps (galeal–pericranial) can be used to repair 
defects of the dura mater and small defects of the anterior cranial fossa, espe-
cially for obturation at the nasofrontal duct and ethmoid–orbital area. This obtu-
ration should be accompanied by preparation of the frontal sinus through 
curettage of the mucosa and cranialization or obliteration [ 11 ]. Pericranial fl aps 
are very adaptable and well vascularized. When a thicker fl ap is necessary, they 
can be combined with the epicranial aponeurosis, a subdermal layer of tissue that 
continues laterally with the superfi cial temporal fascia. If the design of the resec-
tion allows, these fl aps should be prepared during surgery, with an anterior ped-
icle (supplied by the supratrochlear vessels), a lateral pedicle (supplied by the 
superfi cial temporal vessels), or a combined anterolateral pedicle [ 12 ] (Figs.  3.6 , 
 3.7 , and  3.8 ).

•        Temporalis muscle fl ap. The temporalis muscle fl ap, which is supplied by the 
deep temporal branches of the internal maxillary artery, was fi rst described by 
Golovine for obliteration of the orbital cavity after exenteration [ 13 ]. The tempo-
ralis fl ap is a good option for covering small to medium anterolateral defects of 
the cranial base. However, it is not useful in large defects that require a bulky fl ap 
or extensively affect the cranial base towards the midline, since its arc of rotation 

  Fig. 3.6    Coronal approach 
and pericranial fl ap       
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is limited, although it can be widened by cutting the coronoid process. This fl ap 
has the drawback of leaving a secondary cosmetic defect in the temporal fossa. 
In lesser reconstructions, the anterior portion of the muscle can be used, and the 
defect can be covered by sliding the posterior part of the muscle towards the 
retro-orbital area. In cases where the whole temporalis muscle must be used, the 
defect in the fossa can be signifi cant, although it can be fi lled using prosthetic 
material (methyl methacrylate or polyethylene). However, this increases the risk 
of postsurgical infection, especially in patients who have undergone radiation 
therapy (Figs.  3.9 ,  3.10 ,  3.11 ,  3.12 ,  3.13 , and  3.14 ).

•           Distant pedicle fl aps. Flaps such as the pectoralis major myocutaneous fl ap, the 
inferior or lateral inferior trapezius fl ap, and the latissimus dorsi pedicle fl ap are 
not the fi rst choice in the reconstruction of major defects of the cranio-orbital 
area, especially at the level of the cranial fl oor, owing to the limited arc of rota-
tion, which prevents the fl ap from reaching this region. In addition, the quality of 
reconstruction is poor, and complications, especially wound dehiscence, are 

  Fig. 3.7    Anterior skull 
base surgical defect       

  Fig. 3.8    Pericranial fl ap 
covering the defect       
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frequent. Pedicle fl aps from other regions may be a second-choice alternative in 
patients with a poor general status, major vascular disorders, or failure of a more 
complex microvascular reconstruction [ 12 ].     

  Fig. 3.9    Preoperative. 
MRI. Squamous cell 
carcinoma of the left 
orbitary region       

  Fig. 3.10    Surgical defect       
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  Fig. 3.11    Surgical 
specimen       

  Fig. 3.12    Intraoperative 
view of the reconstruction       
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3.8     Microvascular Flaps 

 Transfer of free tissue using microvascular anastomosis is currently the method of 
choice for reconstructing complex defects of the craniofacial region, including the 
cranial base and the orbit [ 11 ,  14 ]. Its principal advantages include the 3- dimensional 
versatility of the reconstruction, which is limited only by the location of the receptor 
vessels, and the possibility of transferring a large volume of well-vascularized tissue 
to seal the intracranial contents, obliterate dead space, and provide skin cover. 
Microvascular fl aps can include various tissues in compound fl aps (muscle, dermis, 
skin, and bone), have reduced associated morbidity at donor sites, and enable 2 
teams to work simultaneously in most cases. In addition, the reconstruction is highly 
reliable, with success rates of 95–98 %, although in cases of failure, the complica-
tions due to fl ap loss can be very severe. Reconstruction in the cranio-orbital region 
is limited by the reduced availability of receptor vessels near the defect to be 
repaired. The temporal vessels are used where possible and must be preserved dur-
ing the preparation of a coronal fl ap. In cases where it is impossible to use the 
superfi cial temporalis pedicle fl ap, the alternatives include cervical vessels such as 

  Fig. 3.13    Temporalis 
muscle fl ap fi lling the 
orbital cavity       

  Fig. 3.14    Anteroposterior 
postoperative view       
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the facial vein and artery, the external carotid artery, and the external or internal 
jugular veins. The internal jugular vein is used with end-to-side anastomosis. Such 
circumstances will necessitate the use of very long vascular pedicle fl aps, the most 
common being the radial fasciocutaneous fl ap, the anterolateral thigh fl ap, and mus-
culocutaneous fl aps of the rectus abdominis or latissimus dorsi. Flaps with a bone 
component are uncommon in craniofacial reconstruction, in which bone reconstruc-
tion is usually by nonvascularized free bone grafts or by implanting biomaterial (see 
below). An interesting indication of the fi bular fl ap and iliac crest fl ap (albeit less 
frequently, owing to the shortness of its pedicle) is the reconstruction of posttrau-
matic defects in the orbit, as proposed by Rodriguez et al. [ 15 ].

•    Radial fasciocutaneous forearm fl ap (radial fl ap). The radial forearm fl ap is sup-
plied by the radial artery and its venae comitantes (deep system) and by the radial 
vein (superfi cial system). This long fl ap makes it possible to reach the receptor 
vessels in the neck. The radial forearm fl ap provides a very adaptable island of 
thin fasciocutaneous tissue. It can be used to cover thin defects of medium exten-
sion (maximum 15 × 15 cm) [ 12 ], such as defects of the pharyngeal mucosa and 
skin defects, and as a dermal fl ap at the level of the cranial base–orbit.  

•   Anterolateral thigh fl ap. The anterolateral thigh fl ap is based on the perforators 
of the descending branch of the lateral femoral circumfl ex artery and its venae 
comitantes. It has a long pedicle, although this could be limited by the various 
ways in which the perforators emerge. The anterolateral thigh fl ap is suitable for 
coverage of extensive defects of the craniofacial region (up to 15 × 30 cm) and 
can be used to fi ll dead space by de-epithelializing and folding the fl ap. Donor- 
site morbidity is very infrequent.  

•   Rectus abdominis fl ap. The rectus abdominis fl ap is based on the deep epigastric 
artery and its venae comitantes. It is widely used for reconstruction of the cranial 
base and orbit because of its good vascularization and the versatility of its design, 
which provides the option of using muscle tissue with suffi cient bulk to fi ll large 
defects. The rectus abdominis fl ap can also be combined with fascia and a skin 
island to cover large defects with a long vascular pedicle (10–12 cm), thus mak-
ing makes it possible to reach the cervical receptor vessels in cases where the 
temporal vessels cannot be used (Figs.  3.15 ,  3.16 ,  3.17 ,  3.18 ,  3.19 , and  3.20 ).

•           Latissimus dorsi fl ap. The latissimus dorsi fl ap is based on the thoracodorsal 
pedicle, which depends on the subscapular system. As with the rectus abdomi-
nis fl ap, the latissimus dorsi fl ap is often used to repair large cranio-orbital and 
facial defects, since it provides a large well-vascularized muscle or musculocu-
taneous fl ap (40 × 30 cm) and has a large caliber and long pedicle. The latissi-
mus dorsi fl ap can also be prepared as a chimeric fl ap combined with other 
components of the subscapular system, such as the serratus muscle or the scap-
ula osteofasciocutaneous fl ap when required for the repair of very complex 
defects.  

•   Omentum fl ap. The omentum is a double layer of peritoneum that inserts in the 
major curvature of the stomach and transverse colon. The omentum fl ap is sup-
plied by the gastroepiploic vessels. Since it is a well-vascularized fl ap that can 
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cover broad surfaces, it can be combined with a free skin graft to cover wider 
cranial defects. The main drawback of the omentum fl ap is the morbidity associ-
ated with the abdominal surgery needed to harvest the fl ap [ 16 ].     

  Fig. 3.15    Orbito-
ethmoidal right tumor       

  Fig. 3.16    Preoperative 
MRI. Invasion of anterior 
fossa and frontal bone       
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  Fig. 3.17    Surgical 
specimen       

  Fig. 3.18    Surgical defect       
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  Fig. 3.19    Rectus 
abdominis fl ap       

  Fig. 3.20    Postoperative 
view       
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3.9     Bone Reconstruction 

 Reconstruction of bone defects after resection in the cranio-orbital region is indi-
cated only if the defect of the craniofacial architecture causes a clear alteration of 
cosmesis or of the position of the eyeball, which can occur after resections of the 
frontal–malar or frontal–nasal skeleton or in wide wall resection, especially of the 
roof, medial wall, or fl oor. Bone reconstruction is generally not necessary after 
resections of the central region of the anterior cranial base (cribriform plate) or after 
resections in the temporal region, since coverage with soft tissue fl aps (whether 
local, regional, or microvascular) enables the defect to be repaired. In the remaining 
cases, bone defects can be repaired using nonvascularized bone grafts or biomateri-
als prepared before or during surgery (custom prosthesis).

•    Bone grafts. Restoration of cranial bone defects can be carried out using free 
bone grafts taken from the internal cortex of the bone fl ap removed during the 
craniotomy, generally at the frontoparietal level. Other sources of bone grafts 
include the iliac bone or ribs when large quantities of bone tissue are required, 
although taking tissue from these areas implies morbidity at an additional 
donor site. It is very important to cover the graft with well-vascularized soft 
tissue and anchor it with miniplates and screws to reduce resorption of the 
graft. Resorption is another disadvantage of bone grafts, especially in patients 
who have received radiation therapy. In selected cases involving microvascular 
reconstruction, the bone fragment of a compound fl ap can be used for recon-
struction of the associated bone defect, as reported by Rodriguez et al. [ 15 ] 
(Figs.  3.21  and  3.22 ).

  Fig. 3.21    Calvarian bone        
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  Fig. 3.22    Calvarian bone 
repositioned       

•       Alloplastic material. Several materials have been proposed as substitutes for 
bone grafts in order to shorten the duration of surgery, reduce morbidity (no 
donor site), and improve cosmetic outcome (no reabsorption). The materials 
used include several bone cements, hydroxyapatite, acrylic prostheses, titanium 
mesh, and polyether ether ketone. Titanium mesh has been used to cover com-
plex cranial defects, although in this indication, it can lead to problems arising 
from heat conductivity. In addition, titanium mesh is expensive. The most com-
mon indication in the cranio-orbital region is repair of the orbital walls. The 
advent of digital technology has made it possible to customize prostheses to an 
existing craniofacial defect or even to perform virtual resection of the tumor and 
prepare the prosthesis before resection using a stable material such as polyether 
ether ketone. Planning data are downloaded to the navigation system for transfer 
to the operative fi eld. Once the resection has been performed as planned, the 
previously prepared prosthesis can be inserted, thus reducing operative time and 
preventing donor-site morbidity [ 17 ]. The main risk in repair of cranio-orbital 
defects using alloplastic materials is the possibility of infection and exposure of 
the materials. Every attempt must be made to prevent this from happening by 
ensuring appropriate coverage with soft tissue (Figs.  3.23 ,  3.24 ,  3.25 ,  3.26 ,  3.27 , 
 3.28 ,  3.29 ,  3.30 , and  3.31 ).
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  Fig. 3.23    Left fronto-orbital 
meningioma       

  Fig. 3.24    3D CT reconstruction 
of the tumor       
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  Fig. 3.26    Virtual 
reconstruction       

  Fig. 3.25    Virtual surgical 
planning defect       
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  Fig. 3.27    PEEK 
prosthesis design       

  Fig. 3.28    Intraoperative 
navigation       
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  Fig. 3.29    Surgical defect       

  Fig. 3.30    PEEK prosthesis       
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3.10                   Repair of the Orbit 

 The orbital walls can be repaired using titanium mesh combined with good soft 
 tissue coverage. Resection of intraorbital tissue can be limited to enucleation or 
removal of the orbital contents (exenteration) [ 20 ]. In enucleation, preservation of 
periorbital tissue and the conjunctival vascular bed enables placement of an ocular 
prosthesis; in exenteration, placement of a prosthesis requires the cavity to be fi lled 
using the fl aps described above (temporalis muscle fl ap, galeal–pericranial fl ap, 
microvascular fl ap) in order to support the conjunctival sac (preserved or recon-
structed using mucosal grafts), provided that the eyelids are preserved. In the case 
of exenteration combined with eyelid resection, the orbital cavity is fi lled with a 
musculocutaneous fl ap so that the skin component can be used to repair the eyelid 
defect or with a muscle fl ap covered with a free skin graft or a sliding cervicofacial 
skin fl ap [ 18 ]. In these cases, the fl ap can be covered using an ocular prosthesis with 

  Fig. 3.31    Anteroposterior 
postoperative view       
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eyelid attachment, which can be fi xed using implants placed on the underlying bone 
of the orbit.  

3.11     Complications 

 In surgery of the cranio-orbital region involving the anterior cranial base, the main 
complications are associated with inappropriate reconstruction or failure of the 
reconstruction. The most severe complications arise from inadequate isolation of 
intracranial structures, opening of the dura mater, or production of dead space, all of 
which may be associated with life-threatening conditions such as cerebrospinal 
fl uid leak, meningitis, brain abscesses, osteomyelitis, and vascular lesions [ 19 ]. The 
lack of appropriate reconstruction of the orbit can lead to ocular dystopia, diplopia, 
brain herniation into the orbit with transmission of the cerebral pulse to the orbital 
content, and facial disfi gurement [ 1 ,  12 ]. Other complications, such as lesions of the 
superior branch of the facial nerve, may be due to inappropriate surgical approach 
or preparation of locoregional fl aps such as the galeal–pericranial fl ap or temporalis 
muscle fl ap. Finally, both pedicle fl aps and free fl aps [ 21 ] themselves are affected 
by complications such as infection, dehiscence, and necrosis.     
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    Abstract  
  Reconstructive surgery of the soft tissue of the head and neck is a challenge 
for the surgeon owing to the three-dimensional nature of the face and its 
tissues. 

 When deciding on a reconstructive technique, the traditional idea that the sim-
plest reconstruction is usually the best should always be taken into account, as 
long as the basic tenets of functionality and cosmetic requirements are met. 
Therefore, defects that can be satisfactorily resolved using local or regional fl aps 
should not be reconstructed using microsurgery. However, some patients need 
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greater tissue bulk, which can only be harvested from distant regions, and would 
therefore benefi t from free fl ap-based reconstruction techniques. 

 This chapter addresses the microsurgical free fl aps most commonly used for 
reconstruction of the soft tissue of the head and neck. Advantages and disadvan-
tages are presented.  

4.1          Introduction 

 The head and neck have a very particular three-dimensional structure that is 
formed by different types of tissue (skin, bone, and mucosa), thus making 
reconstruction especially difficult. In functional terms, several anatomical 
structures (e.g., the eyelids, lips, nose, and outer and inner ear) are difficult to 
reconstruct, yet their importance for the patient is undeniable. Reconstructive 
surgery attempts to minimize functional sequelae while maintaining the best 
appearance possible, since the face is what identifies patients to the rest of the 
world. Although different, these objectives are inseparable, and reconstructive 
surgery could not be considered successful if a patient who has made a func-
tional recovery continues to have cosmetic sequelae that prevent him or her 
from leading a normal life. Similarly, a procedure cannot be considered suc-
cessful if an acceptable cosmetic outcome is accompanied by markedly altered 
basic functions. 

 Free fl aps and microsurgery have made it possible to reconstruct very extensive 
defects while minimizing functional, cosmetic, and psychological sequelae. Better 
recovery of functions such as swallowing, chewing, and lip competence, as well as 
satisfactory facial contour and general appearance, provides patients with a quicker 
and less traumatic return to a normal social life. 

 Based on the principle that “the best reconstruction is the simplest,” free fl aps 
are used to cover defects that are diffi cult to treat using free grafts and local or 
regional fl aps. The main problem is the size of defect that warrants recourse to a 
free fl ap, and no consensus has been reached on the appropriate limit at which 
defects can be reconstructed using these techniques, since each anatomical region 
has its peculiarities and functions. Thus, an intraoral defect could require microsur-
gical reconstruction, whereas a defect of similar size affecting the skin could be 
treated with regional fl aps. 

 Primary microsurgical reconstruction of soft tissue in the head and neck is 
generally used to repair the damage caused by ablative cancer surgery, whereas 
secondary reconstruction based on free fl aps is usually associated with congeni-
tal defects or defects resulting from injury. Therefore, oncologic criteria aside, 
secondary reconstruction makes it possible to use techniques that do not involve 
the use or potential complications of free fl aps. A clear example can be seen in 
post-traumatic defects of the scalp, where tissue expansion can lead to a success-
ful outcome. 

 Finally, the patient must be made aware of the difference between the terms 
reconstruction and restoration. The defect can never be restored, since it is impos-
sible to obtain tissue with exactly the same three-dimensional structure, functional-
ity, and external appearance as the original tissue.  
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4.2     Determinants of Microsurgical Reconstruction 

 Appropriate selection of the patient is essential in microsurgical reconstruction. The 
fl ap is chosen based on a complete clinical history and knowledge of the defect to be 
reconstructed. Since life expectancy in developed countries has increased, patients with 
conditions requiring microsurgical reconstruction have greater associated morbidity. 

 According to Navarro and Arias [ 1 ], the factors to be considered when choosing 
free fl aps are the following: 

4.2.1     General Factors 

4.2.1.1     Baseline Status 
 Patients with conditions that considerably affect the functioning of the heart, lungs, 
kidneys, vasculature, and liver are not good candidates for microsurgery.  

4.2.1.2     Age 
 Age per se is not an exclusion criterion in elderly or pediatric patients, although asso-
ciated conditions and active growth must be taken into account. Given the increase in 
life expectancy, microsurgical reconstruction is increasingly used in older patients.  

4.2.1.3     History of Surgery or Injury 
 Previous surgery or injury at possible donor sites can determine the viability of the 
tissue to be transferred.   

4.2.2     Vascular Factors 

 Cardiovascular risk factors such as diabetes, hypertension, dyslipidemia, and smok-
ing can cause subclinical alterations that determine whether or not microvascular 
free fl aps can be used. Arteriosclerosis should be taken into account when assessing 
and planning microvascular reconstruction. Images of the supra-aortic territory and 
extremities should be acquired for preoperative studies. Magnetic resonance angi-
ography, computed tomography angiography, and echo Doppler can show the status 
of the vessels of the neck to be used for microsurgical anastomosis and the status of 
the vessels comprising the pedicle to be transferred. If anastomosis cannot be per-
formed because of the absence of or disease affecting the vessels of the neck, venous 
grafts and loop grafts can be considered.  

4.2.3     Factors Affecting the Recipient Defect/Site 

4.2.3.1     Location of the Defect 
 If the defect is a skin defect, cosmetic subunits should be taken into account when 
resecting and transferring skin whose color is closest to that of the skin of the face. 
Reconstruction of mucosal defects is more complicated, since the type of tissue 
transferred is different. Both skin and muscle cover intraoral defects well and can 
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even undergo metaplasia and mucosalization; however, they generally do not pro-
vide functionality or texture. Similarly, the presence of skin within the oral cavity 
can lead to hair growth or impede drainage of the salivary gland ducts.  

4.2.3.2     Size of the Defect 
 The size of the defect is a key point when choosing the type of microvascular fl ap. 
In defects that do not require bulk, fl aps can be planned with little fat and muscle, 
whereas larger defects generally require more tissue.  

4.2.3.3     Three-Dimensional Nature of the Defect 
 In a single defect, it may be necessary to reconstruct both the skin and the mucosa 
or simply the mucosa on both sides of the oral cavity. Consequently, it may be nec-
essary to use folded fl aps, fl aps with different skin paddles, chimeric fl aps, sequen-
tial fl aps, or even independent fl aps.  

4.2.3.4     Proximity of Vascular Structures 
 Reconstruction of a skin defect in the temporal region without using superfi cial 
temporal vessels is not the same as reconstructing a defect near the neck region, 
which could necessitate venous grafts.  

4.2.3.5     Previous Surgery 
 Performing a secondary reconstruction on previously operated tissue is not easy. 
Postsurgical fi brosis and migration of structures are common complications of this 
type of intervention.  

4.2.3.6     Previous Radiation Therapy/Chemotherapy 
 Dissection of structures is much more complicated and vascular fragility greater.   

4.2.4     Factors Affecting the Donor Site 

4.2.4.1     Type of Tissue to Be Transferred 
 Potential fl aps include fasciocutaneous fl aps, fascial fl aps, myocutaneous fl aps, and 
muscular fl aps. Perforator fl aps can be obtained above or below the fascia.  

4.2.4.2    Length and Caliber of the Vascular Flap 
 These parameters can determine the choice between one fl ap and another.  

4.2.4.3    Vascular Systems 
 Specifi c fl aps such as the radial forearm fasciocutaneous fl ap have a superfi cial 
vascular system and a deeper vascular system.  

4.2.4.4    Donor-Site Defect 
 The use of myocutaneous fl aps can lead to muscle weakness and specifi c sequelae. 
It may be necessary to use skin grafts to close defects of the donor site, and the 
resulting scar may be visible.  
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4.2.4.5    Reconstruction by Phases 
 The use of prefabricated or prelaminated fl aps may be indicated in secondary 
reconstructions.    

4.3     Microvascular Flaps Used in the Reconstruction of Soft 
Tissue of the Head and Neck 

 Below, we present the free fl aps that we consider most useful for microsurgical 
reconstruction of soft tissue defects of the head and neck. We discuss the vascular 
fl aps, indications, advantages and disadvantages, and associated morbidity. 

4.3.1     Radial Forearm Fasciocutaneous Flap 

 As reported by Yang et al. [ 2 ], the radial forearm fl ap is a classic, widely used fl ap 
for the reconstruction of soft tissue of the head and neck. It is versatile and pliable, 
has a long pedicle, and is easy to obtain. 

4.3.1.1    Indications 
 The radial forearm fl ap is commonly used to reconstruct intraoral defects because 
it is thin, very pliable, and light in weight. It also maintains a steady volume over 
time. As for extraoral defects, it is indicated in the reconstruction of full-thickness 
defects of the cheek and cheek mucosa. It is used for the interior lining (because 
of its pliability) and frontal region (because of its thinness) following the princi-
ples of reconstruction based on cosmetic subunits. It is also used in the recon-
struction of nasal defects (both externally and internally), as reported by Menick 
and Salibian [ 3 ].  

4.3.1.2    Arterial Pedicle 
 The radial artery, which is responsible for the irrigation of the deep palmar arch, is 
2.5 mm in diameter. It runs through the septum between the brachioradialis and 
fl exor carpi radialis. The fl ap is supplied by the septocutaneous perforators.  

4.3.1.3    Venous Pedicle 
 The venous pedicle is a double pedicle thanks to the venae comitantes of the radial 
artery (1–1.5 mm in diameter) that accompany it along the intermuscular septum to 
form the deep venous system and the cephalic vein (2–3.5 mm in diameter). It is 
independent of the arterial system and located in a suprafascial position, thus form-
ing the superfi cial system.  

4.3.1.4    Presurgical Planning 
 The nondominant arm is preferred. The Allen test must be performed to ensure that 
the ulnar artery can supply blood to the radial artery, thus demonstrating the pres-
ence of vascular anastomoses between the two systems. Echo Doppler provides 
more information on the caliber, location, and possible disorders of the arteries and 
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veins. If the result of the Allen test is positive or the echo Doppler fi ndings show an 
abnormality, this fl ap must not be used, since the supply to the fi rst and second fi n-
gers of the hand could be compromised.  

4.3.1.5    Tissue to Be Transferred 
 The tissue was traditionally harvested as a fasciocutaneous fl ap, and this continues 
to be the case. However, according to Biglioli et al. [ 4 ], other tissues can be included, 
for example, the superfi cial sensory nerves (lateral antebrachial cutaneous nerve) to 
provide sensory fl aps, as well as muscles and tendons that provide volume and serve 
as bands in lip reconstruction, as described by Sasidaran et al. [ 5 ].  

4.3.1.6    Morbidity 
 Grafts are usually necessary to cover the donor site (graft loss hinders healing), 
the resulting scar tends to be unsightly, and patients can be affected by sensory or 
motor disorders (owing to damage to or cutting of the sensory nerves or the radial 
nerve). The patient may no longer be able to tolerate cold owing to reduced blood 
supply.  

4.3.1.7    Postsurgical Care 
 The hand should be immobilized for 10 days to enable the free skin graft to bond. 
Potential compartmental syndrome must be detected early, and the arm must remain 
raised for the fi rst 3 days (Figs.  4.1 ,  4.2 ,  4.3 , and  4.4 ).

      An alternative to this fl ap is the ulnar forearm fl ap, which is based on the ulnar 
artery and its venae comitantes. It can be used in cases where the radial artery is 

  Fig. 4.1    Floor of the 
mouth and ventral tongue 
squamous cell carcinoma       
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  Fig. 4.2    Surgical 
specimen       

  Fig. 4.3    Left antebrachial 
radial fasciocutaneous fl ap 
dissection       

  Fig. 4.4    Intraoperative 
clinical result       
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dominant in the supply to the forearm. According to Van Cann and Koole [ 6 ] and 
Antony et al. [ 7 ], the advantages of the radial forearm fl ap are a less severe cosmetic 
defect and better scarring at the donor site.   

4.3.2     Anterolateral Thigh Flap (ALT) 

 First described by Song et al. [ 8 ], the ALT fl ap is a very useful perforator fl ap that is 
widely used in reconstruction procedures of the head and neck. The popularity of 
ALT fl ap led several authors, including Huang et al. [ 9 ], to reconsider continuing 
with the radial forearm fl ap. However, other authors use it to cover some of the 
indications of the myocutaneous abdominal rectus fl ap. 

4.3.2.1    Indications 
 In our opinion, this fl ap should be used in cases where the radial forearm fl ap cannot 
provide suffi cient volume for reconstruction of intraoral defects. It is a good option 
for reconstructing defects of the tongue stretching back to the oropharynx and cheek 
mucosa, extended hemiglossectomy, and full-thickness cheek defects where, in 
addition to reconstructing the skin and mucosa, the object of the procedure is to 
provide volume. As for extraoral defects, the ALT fl ap could be indicated in skin 
defects requiring large, bulkier fl aps, such as those affecting the side of the face, the 
temporal region, and large defects of the scalp. According to Jiang et al. [ 10 ], the 
ALT can be harvested as a chimeric fl ap with multiple skin paddles.  

4.3.2.2    Vascular Pedicle 
 The vascular pedicle of the ALT fl ap comprises the descending branch of the lateral 
femoral circumfl ex artery and its venae comitantes (approximately 2 mm in diam-
eter), which are found in the septum between the vastus lateralis and femoris mus-
cles. The perforators (approximately 0.5 mm in diameter) are mostly (85 %) 
musculocutaneous, whereas the remainder (15 %) are septocutaneous. The pedicle 
is dissected until the point where it leaves the lateral femoral circumfl ex artery. 
Lengths of up to 10 cm can be obtained.  

4.3.2.3    Presurgical Planning 
 Doppler or echo Doppler is useful for locating the perforators. Lakhiani et al. [ 11 ] 
showed that most of the perforators are found in the middle third of the thigh, from 
the midpoint of a line that connects the anterior superior iliac spine and the supero- 
external part of the patella.  

4.3.2.4    Tissue to Be Transferred 
 The ALT fl ap is harvested with the skin and subcutaneous cell tissue. The fascia is 
optional, although it is generally included. Suprafascial dissection is more cumber-
some and complicated, although it spares the local anatomy and preserves muscle 
coverage. A sensory fl ap can be harvested by including branches of the lateral cuta-
neous nerve.  
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4.3.2.5    Morbidity 
 Harvesting the ALT fl ap has few complications, thus giving it an advantage over 
other fl aps such as the rectus abdominis myocutaneous fl ap or the radial forearm fl ap, 
since it does not damage the abdominal wall or require major vascular axes to be 
sacrifi ced. It generally does not require free grafts, since it enables direct closure of 
defects measuring 8–9 cm. Leg extension and mobility are barely affected because 
they are compensated by the remaining extensor muscles. However, there is a pos-
sibility of loss of sensation in the thigh because of the damage to the lateral cutane-
ous femoral nerve. The unsightly scar left on the thigh is also a potential drawback.  

4.3.2.6    Postsurgical Care 
 It is important to monitor for development of compartment syndrome (Figs.  4.5 ,  4.6 , 
 4.7 ,  4.8 , and  4.9 ).

  Fig. 4.5    MRI. Base of the 
tongue squamous cell 
carcinoma       

  Fig. 4.6    Surgical defect 
after resection. Pull 
through cervical approach       
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  Fig. 4.7    ALT perforator 
fl ap design       

  Fig. 4.8    Septocutaneous 
perforator fl ap       

  Fig. 4.9    One year 
postsurgery       
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       The vastus lateralis fl ap is a variant of the ALT perforator fl ap. Dissection differs 
from that of the ALT, since it is necessary to locate the vascular pedicle without 
locating and isolating the perforators. It is necessary to follow the principles for dis-
section of the myocutaneous fl aps, in which the skin and subcutaneous tissue are not 
separated from the underlying muscle. This fl ap is easier to harvest than the ALT 
fl ap, although it does require part of the vastus lateralis muscle to be sacrifi ced. 
Therefore, it is used for the reconstruction of three-dimensional defects requiring 
greater bulk, as reported by Engel et al. [ 12 ] after total glossectomy or to isolate the 
base of the skull or central nervous system. The vastus lateralis myocutaneous fl ap 
is a good alternative to the rectus abdominis myocutaneous fl ap (Figs.  4.10 ,  4.11 , 
 4.12 ,  4.13 , and  4.14 ).

       Another variant of this fl ap is the adipofascial ALT, which is indicated for the 
reconstruction of defects of the intraoral and nasal mucosa [ 13 ].   

  Fig. 4.10    Temporal defect 
associated to cerebrospinal 
fl uid leak       

  Fig. 4.11    Design of the 
myocutaneous vastus 
lateralis fl ap similar to the 
ALT perforator fl ap       
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  Fig. 4.12    Flap with 
muscular component       

  Fig. 4.13    Flap inset using 
the muscle to seal the leak       

  Fig. 4.14    Final 
intraoperative result       
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4.3.3     Rectus Abdominis Myocutaneous Flap 

 Pennington and Pelly [ 14 ] were the fi rst to describe this fl ap, which is based on the deep 
inferior epigastric artery and vein. Together with the radial forearm fl ap, the rectus 
abdominis myocutaneous fl ap has been used for many years in the reconstruction of 
head and neck defects requiring considerable bulk. The use of perforator fl aps and the 
possibility of including muscle in this type of fl ap mean that it has been less widely used. 

4.3.3.1    Indications 
 The reconstruction of large intraoral defects, such as total glossectomy or type IV 
maxillectomy [ 15 ], that include orbital exenteration. It can be used in combination 
with the temporal myofascial fl ap. The rectus abdominis fl ap provides bulk to fi ll 
the middle third of the face, and the temporal myofascial fl ap is used to reconstruct 
the palate. As for extraoral reconstruction, the rectus abdominis myocutaneous fl ap 
is used mainly to seal bone defects at the base of the skull, which is isolated from 
the upper aerodigestive tract [ 16 ].  

4.3.3.2    Vascular Pedicle 
 Deep inferior epigastric vessels. The caliber is usually around 3 mm. The greatest 
density of musculocutaneous perforators is found in the periumbilical region.  

4.3.3.3    Presurgical Planning 
 This fl ap does not require specifi c assessment of the vasculature. However, it is 
important to determine whether the patient has previously undergone surgery of the 
abdominal region, especially in the iliac fossa, hypogastrium, and mesogastrium, 
since the pedicle could be damaged.  

4.3.3.4    Tissue to Be Transferred 
 The rectus abdominis fl ap is generally a musculocutaneous fl ap. The skin paddle 
can be placed in several ways, although it is normally placed vertically over the 
longitudinal axis of the muscle. The whole muscle component can be transferred. It 
is important to respect the anterior fascia below the arcuate line.  

4.3.3.5    Morbidity 
 The rectus abdominis fl ap should only be harvested after careful deliberation, since 
it is necessary to remove a basic muscle of the abdominal wall, whose fl exor activity 
would therefore be compromised. When harvesting the fl ap, extra care must be taken 
not to accidentally open the peritoneal cavity. Abdominal hernia is another complica-
tion at the donor site. The use of synthetic mesh reduces the likelihood of hernia.  

4.3.3.6    Postsurgical Care 
 The patient should wear a corset for a few weeks in order to a prevent hernia. 
Similarly, sporting activity should be suspended for about 2 months (Figs.  4.15 , 
 4.16 ,  4.17 ,  4.18 ,  4.19 ,  4.20 , and  4.21 ).
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         According to López-Arcas et al. [ 17 ], the deep inferior epigastric artery perfora-
tor fl ap is a perforator fl ap whose vascular axis is the same as that of the rectus 
abdominis myocutaneous fl ap, although it does not include muscle. It is widely used 
in breast reconstruction and constitutes yet another option for treating soft tissue 
defects in the head and neck. However, this fl ap has the drawback that it increases 
in volume when the patient gains weight.   

  Fig. 4.15    Preoperative 
MRI       

  Fig. 4.16    Squamous cell 
carcinoma of the tongue       
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  Fig. 4.17    Surgical 
specimen. Total 
glossectomy and bilateral 
neck dissection       

  Fig. 4.18    Surgical defect       

  Fig. 4.19    Rectus 
abdominis fl ap       
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  Fig. 4.20    Intraoral 
postoperative view       

  Fig. 4.21    1-year 
postoperative 
anteroposterior view       
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4.3.4     Latissimus Dorsi Flap 

 Although Tansini used the latissimus dorsi fl ap for the reconstruction of a chest wall 
defect, Watson et al. [ 18 ] were the fi rst to use it as a free fl ap. The latissimus dorsi 
fl ap is one of the most widely used fl aps for the reconstruction of large defects, since 
it provides a considerable amount of tissue and can be harvested as a free fl ap or 
pedicle fl ap. It can be used as a muscle or myocutaneous fl ap. Its main drawback is 
that it prevents work in 2 teams. 

4.3.4.1    Indications 
 The latissimus dorsi fl ap was used by Kim et al. [ 19 ] to reconstruct scalp defects, 
both as a free fl ap and as a pedicle fl ap. It can be used for the reconstruction of large 
defects of the head and neck and full-thickness cheek defects, as well as for sealing 
the base of the skull. As a muscle fl ap, it is favored by Takushima et al. [ 20 ], who 
used it for dynamic reanimation of facial paralysis without having to turn to a 
2-stage cross-face technique.  

4.3.4.2    Vascular Pedicle 
 The pedicle is based on the thoracodorsal artery and venae comitantes, which are 
branches of the subscapular axis. Its diameter is 2–4 mm and it can be as long as 12 cm.  

4.3.4.3    Presurgical Planning 
 It is necessary to rule out previous surgery at the donor site (the thoracodorsal vessels 
could have been ligated during axillary lymph node dissection). In the absence of previ-
ous surgery, no special preparation is necessary owing to the consistent vascular anat-
omy, although it is possible to use tests such as echo Doppler, which makes it possible 
to check that blood is fl owing steadily through the vessels. If the fl ap is to be used for 
dynamic reanimation of facial paralysis, then its placement must be carefully planned.  

4.3.4.4    Tissue to Be Transferred 
 The tissue to be transferred is usually a musculocutaneous fl ap for reconstructing 
defects caused by cancer or a muscle fl ap for sealing the base of the skull and for 
dynamic reanimation of facial paralysis (muscle, vessels, and thoracodorsal nerve).  

4.3.4.5    Morbidity 
 The arm must be placed in lateral decubitus during surgery in order to prevent 
lesions of the brachial plexus. Internal rotation and adduction may be slightly 
altered. Transfer of this fl ap in children can lead to scoliosis and problems with the 
development of paravertebral muscle.  

4.3.4.6    Postsurgical Care 
 The patient must undergo rehabilitation to correct muscle compensation (Figs.  4.22 , 
 4.23 ,  4.24 ,  4.25 , and  4.26 ).
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  Fig. 4.22    Right auricular 
basal cell carcinoma       

  Fig. 4.23    Surgical 
resection design       
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       The thoracodorsal artery perforator fl ap is a variant of the myocutaneous latissi-
mus dorsi fl ap that involves less muscle damage. Bach et al. [ 21 ] used this fl ap for 
the reconstruction of intraoral and oropharyngeal defects.   

  Fig. 4.24    Surgical 
specimen       

  Fig. 4.25    Surgical defect       
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4.3.5     Omentum Flap 

 The omentum fl ap was fi rst used by McLean and Buncke [ 22 ] for the reconstruction 
of a scalp defect. It is both versatile and pliable and can therefore be easily adapted 
to the defect. However, given the associated abdominal morbidity, it is rarely used. 

4.3.5.1    Indications 
 According to Ramzisham et al. [ 23 ], the main indication of the omentum fl ap in 
the head and neck was for reconstruction of scalp defects and for pharyngo-
esophageal defects. This fl ap was also used to repair soft tissue in hemifacial 
microsomia and hemifacial atrophy (Parry-Romberg syndrome), although it has 
been abandoned because of the high frequency of reabsorption. It is possible to 
work in two teams: harvesting requires cooperation between general surgeons 
and digestive surgeons. In scalp reconstruction, the omentum fl ap should be 
combined with free skin grafts taken from the thigh or suprapubic region.  

4.3.5.2    Vascular Pedicle 
 Gastroepiploic artery and venae comitantes. The pedicle can be harvested with the 
right or left gastroepiploic artery, although the right one is preferred for its length 
and diameter (1.5–3 mm).  

  Fig. 4.26    Clinical appearance of the latissimus dorsi fl ap, 1 year postsurgery       
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4.3.5.3    Presurgical Planning 
 This fl ap should not be used if the patient has had previous abdominal surgery or 
infections such as appendicitis or cholecystitis that may have caused retraction of 
the omentum.  

4.3.5.4    Tissue to Be Transferred 
 Greater omentum.  

4.3.5.5    Morbidity 
 Conditions arising from a midline laparotomy such as adhesions, volvulus, perito-
nitis, and intra-abdominal abscesses.  

4.3.5.6    Postsurgical Care 
 Compression of the skin graft for 7–10 days. An oral diet should be introduced 
gradually, and specifi c post-midline laparotomy care must be followed (Figs.  4.27 , 
 4.28 ,  4.29 ,  4.30 ,  4.31 ,  4.32 , and  4.33 ).

  Fig. 4.27    Multiple basal 
cell carcinoma       
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  Fig. 4.28    Surgical 
specimen       

  Fig. 4.29    Surgical defect       

  Fig. 4.30    Harvesting 
omentum fl ap       
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  Fig. 4.31    Omentum fl ap 
adapted at the defect       

  Fig. 4.32    Dermal graft 
over the omentum fl ap       

  Fig. 4.33    Postoperative aspect 2 weeks, 3 weeks, and 7 weeks later       
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4.3.6               Other Free Flaps 

•     Lateral arm fl ap: This fl ap was described by Song et al. [ 24 ]. For some authors, 
such as Thankappan et al. [ 25 ], it is an alternative to the radial forearm fasciocu-
taneous fl ap or the ALT fl ap. Its pedicle, the posterior radial collateral artery, 
enables direct closure of the donor site. The length of the pedicle is acceptable, 
although its diameter is lower than that of the radial artery. In addition, dissection 
of this fl ap is cumbersome.  

•   Medial sural fl ap: This fl ap was fi rst reported by Cabadas et al. in 2001 [ 26 ]. It is 
based on the medial sural artery and is now widely used in head and neck recon-
struction (especially in reconstruction of the tongue) because it is both versatile 
and pliable. Dissection is more complicated than that of the fl aps mentioned 
above, and some authors, such as He et al. [ 27 ], recommend previous vascular 
testing to better locate the pedicle and its perforators.         
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      Reconstruction of Soft Tissue Defects 
with Regional Flaps       
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    Abstract  
  Regional fl aps are pedicle fl aps obtained from anatomical regions close to the 
defect to be constructed. Their advantages over pedicle fl aps are similarity with 
the skin adjacent to the defect (color, texture, and hair), the speed with which they 
can be harvested, and the lower cost, lower comorbidity, and lower personnel and 
infrastructure requirements. Their disadvantages are their limited size, limited 
distance between the donor site and the receptor site, and lower predictability 
when preparing compound fl aps with bone. Regional fl aps can sometimes be 
combined with microvascular free fl aps for the reconstruction of complex defects.  
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5.1          Temporalis Muscle Flap 

5.1.1     Introduction 

 The temporalis muscle was fi rst used as a fl ap in 1898 by Golovine [ 1 ] to fi ll the 
space left after orbital exenteration. Since then, it has been used in the head and 
neck, mainly for reconstruction of the oral cavity [ 2 ], face, preauricular region [ 3 ], 
and scalp, as well as for surgery to treat facial paralysis, especially that affecting 
traction of the upper eyelid and oral commissure.  

5.1.2     Vascularization 

 The temporalis fl ap receives 3–4 branches of the internal maxillary artery and the 
temporal artery. The branches of the maxillary artery can separate into the anterior 
deep temporal artery, posterior deep temporal artery, and the accessory deep tempo-
ral artery. Alternatively, they can supply the muscle from a common trunk of the 
maxillary artery. The maxillary artery supplies the anterior and medial portions of 
the temporalis muscle, as well as the deepest part of the muscle [ 4 ]. 

 The blood supply from the temporal artery is more constant than that of the max-
illary artery. It reaches the temporalis muscle where it becomes the middle temporal 
artery [ 5 ] and supplies blood to the middle and posterior third of the temporalis 
muscle surface. 

 The superfi cial temporal vein, which drains the temporal vein, and the deep tem-
poral vein are responsible for venous drainage of the temporalis muscle along the 
course of the temporal and maxillary arteries, respectively (Fig.  5.1 ).

  Fig. 5.1    Vascular pedicle       
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5.1.3        Indications 

 The temporalis myofascial fl ap can be used in whole or in part depending on the 
area and volume of the defect and on the functional requirements of the reconstruc-
tion to be used for facial paralysis. 

 Given its anatomical proximity and considerable versatility, the temporalis myo-
fascial fl ap is very useful for treating defects of the oral cavity [ 6 ]. Disinsertion of 
the muscle and rotation medially toward the zygomatic arch enable reconstruction 
to be performed from the maxillary midline in patients whose health status or older 
age contraindicates microsurgery with bone tissue. The temporalis myofascial fl ap 
is very useful for reducing the dead space remaining after orbital exenteration. It 
provides volume and reduces the risk of cerebrospinal fl uid leak [ 7 ]. These are our 
preferred indications for this fl ap. 

 The temporalis myofascial fl ap can also be useful for the reconstruction of other 
defects of the middle third such as the malar region, orbital border, and oroantral 
fi stulas. 

 The temporalis myofascial fl ap plays an important role in patients with facial 
paralysis for whom a microvascular muscle fl ap cannot be used. It enables traction 
of the oral commissure in order to create a smile despite the lesion of the buccal 
branch of the facial nerve. It is also possible to pull the frontal region upward, thus 
enabling the patient to raise the eyebrows and correcting the defect resulting from 
lesion of the frontal branch of the facial nerve [ 8 ]. Innervation of the temporalis 
muscle by the trigeminal nerve has the drawback that for the dynamic outcome to 
be aesthetically pleasing and symmetrical, the patient must undergo rehabilitation 
and a learning process, since the facial nerve is responsible for mobilizing the 
muscles of facial expression on the healthy side. The trigeminal nerve is sensory 
and supplies the muscles of mastication but not those of facial expression 
(Fig.  5.2 ).

  Fig. 5.2    Reconstruction 
of the right palate with 
temporalis muscle fl ap       
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5.1.4        Complications 

 The temporalis muscle fl ap is very predictable, with the result that associated 
complications are very uncommon. Potential complications include hemorrhage, 
hematoma, and seroma. In dentulous patients, every effort must be made to ensure 
that the fl ap does not interfere with occlusion in order to prevent vascular compli-
cations arising from involuntary mechanical pressure on the part of the patient. 

 Clinical follow-up requires physical examination of the fl ap, since it may be affected 
by partial or complete necrosis, although this is uncommon. The veins are more com-
monly compromised than the arteries. Care must be taken when turning the fl ap to pre-
vent the pedicle from twisting and when sliding it medially toward the zygomatic arch 
for reconstruction of intraoral defects. If the fl ap is compromised, the arch should be cut 
and repositioned with plates and screws once the maneuver has been completed. 

 Knowledge of the anatomy of the facial nerve is essential during shaping of 
these fl aps, since there is a risk of damaging the facial nerve, especially the frontal 
branch. 

 A drawback of the temporalis myofascial fl ap is the cosmetic defect in the temporal 
fossa. Throughout history, various materials have been used to avoid the unsightly 
defect resulting from the loss of tissue in the temporal region. The materials used 
include autologous bone grafts, bone cement (methyl methacrylate, hydroxyapatite), 
porous high-density polyethylene prostheses [ 9 ,  10 ], preformed acrylic prostheses, and 
titanium mesh [ 11 ]. All of these materials are susceptible to infection and exposure.   

5.2     Pectoralis Myocutaneous Flap 

5.2.1     Introduction 

 The pectoralis myocutaneous fl ap was fi rst used in 1979 by Ariyan to transplant 
pedunculated tissue for reconstruction of head and neck defects [ 12 ]. Later, in 1980, 
Cuono and Ariyan reported on the inclusion of the fi fth rib in the pectoralis osteo-
myocutaneous fl ap for reconstruction of composite defects [ 13 ].  

5.2.2     Vascularization 

 The pectoralis major has two distinct vascular territories. The more cranial region is 
supplied by the pectoral branch of the thoracoacromial artery and the muscular 
branches of the fi rst, second, and third perforating branches of the intercostal arter-
ies and branches of the internal thoracic artery [ 14 ]. The more caudal region of the 
pectoralis muscle is supplied by the fourth, fi fth, and sixth perforating branches of 
the internal thoracic artery [ 15 ]. 

 Venous drainage of the pectoralis major is by venae comitantes that follow the 
course of the arteries of the same name (see above) before emptying into the axillary 
vein [ 16 ].  
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5.2.3     Indications 

 Since the end of the twentieth century, the pectoralis fl ap has been used to resolve 
major tissue defects of the head and neck. With the advent of new microsurgical 
reconstruction techniques, we can now provide the quantity and type of tissue nec-
essary with better functional and cosmetic outcome [ 17 ]. Therefore, this fl ap has 
been relegated to the role of “rescue” fl ap, for use in patients with defects of the 
middle third or intraoral and cervical defects in which microvascular free fl aps and 
pharyngeal-laryngeal reconstructive surgery are not used [ 18 ]. It can prove useful 
for the reconstruction of total glossectomy in patients who are not candidates for 
microsurgical free fl aps such as the rectus abdominis fl ap or anterolateral thigh fl ap. 

 Within the oral cavity, it is possible to reconstruct both cranial and ipsilateral soft 
palate defects. Outside the oral cavity, it is possible to cover skin and soft tissue 
defects in the orbitozygomatic region [ 19 ]. The fl ap can be used with the muscle 
pedicle external to the skin of the neck in patients with associated comorbidities. If 
no complications have arisen 3 weeks after surgery, the fl ap pedicle can be cut in 
order to improve the appearance of the face and facilitate the patient’s return to a 
normal social life (Figs.  5.3 ,  5.4 ,  5.5 ,  5.6 , and  5.7 ).

  Fig. 5.3    Preoperative 
defect       

  Fig. 5.4    Pectoralis muscle 
fl ap design       
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  Fig. 5.5    Pectoralis muscle 
fl ap with de-epithelialized 
area       

  Fig. 5.6    Intraoral 
reconstruction       

  Fig. 5.7    External reconstruction       
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5.2.4            Complications 

 The pectoralis fl ap carries a high risk of partial necrosis of the skin paddle and of the 
underlying muscle, as well as of orocutaneous and pharyngocutaneous fi stula. Total 
necrosis of the fl ap is unusual, although areas of peripheral epidermolysis are 
common. 

 The fl ap carries a high risk of wound dehiscence, especially in women and in 
patients aged over 60 years because of the force of gravity and the increase in fatty 
tissue. If there is a communication with the oral cavity, the risk of infection along 
the subcutaneous course of the fl ap increases considerably [ 17 ].   

5.3     Latissimus Dorsi Myocutaneous Flap 

5.3.1     Introduction 

 The latissimus dorsi myocutaneous fl ap was used for the fi rst time in head and neck 
reconstruction by Quillen in 1978 [ 20 ], although it has been used in breast recon-
struction since the beginning of the twentieth century. 

 The fl ap can be free or pedicled. Its almost constant anatomy and the wide cali-
ber of the vessels of the pedicle make it a predictable option for reconstruction. It 
can be harvested as a muscle fl ap, musculocutaneous fl ap, or osteomyocutaneous 
fl ap. It contributes a large area of vascularized tissue and volume. The muscle com-
monly atrophies, although occasionally it will be necessary to use secondary thin-
ning procedures and contour correction [ 21 ]. 

 The skin island can be designed in different directions depending on which best 
suits the reconstruction. Moreover, the scarce variability of the regional and vascu-
lar anatomy means that the subscapular system can be used to obtain many free or 
pedicle fl aps for the reconstruction of complex soft tissue and bone defects (Fig.  5.8 ).

  Fig. 5.8    Surgical design       
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5.3.2        Vascularization 

 The main fl ap is formed cranially by the thoracodorsal vein and artery and medi-
ally by the circumfl ex scapular artery in the mid part. Both are branches of the 
subscapular artery. Additionally, the latissimus dorsi is supplied by the posterior 
intercostal perforators and perforating branches of the subscapular artery [ 22 ]. 
The most caudal part of the muscle is supplied by branches of the lumbar 
arteries. 

 The veins of the scapular system accompany each artery in groups of 2, except in 
the section of the thoracodorsal artery, where venous return is through a single tho-
racodorsal vein.  

5.3.3     Indications 

 Given that the latissimus dorsi fl ap is a pedicle fl ap, it can be used to cover soft tis-
sue defects in the cervical region. It can also be used to cover defects of the temporal 
and occipital scalp. This fl ap can also prove suitable for the reconstruction of tissue 
defects in the oral cavity, including glossectomy [ 23 ,  24 ], although this is not its 

  Fig. 5.9    Preoperative defect       
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  Fig. 5.10    Isolated fl ap       

  Fig. 5.11    Postoperative 
view       
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most frequent use. Given advances in microsurgical techniques, the latissimus dorsi 
fl ap is now reserved for medically compromised patients who are to undergo recon-
struction with a free fl ap, patients who require large reconstructions, and patients 
without cervical vessels for microsuture [ 24 ]. 

 Today, the latissimus dorsi myocutaneous fl ap is the fi rst choice for many sur-
geons in scalp reconstruction because it is reliable and easy to harvest and has a 
large surface area [ 25 ]. Very often, because of problems with the length between the 
pedicle and the area to be reconstructed, a free latissimus dorsi fl ap with microsur-
gery techniques is preferred [ 26 ]. Thus, distance is no longer a disadvantage, and 
the risk of wound dehiscence from accidental traction of the pedicle with neck 
movements is reduced (Figs.  5.9 ,  5.10 , and  5.11 ).

5.3.4          Complications 

 As with any fl ap, the latissimus dorsi myocutaneous fl ap carries a risk of vascular 
compromise, either by arterial ischemia or, more frequently, venous damage. Given 
the wide caliber of the vessels of this fl ap, these complications are not frequent. The 
most caudal part of the muscle, which in scalp reconstruction is the most cranial, 
carries a greater risk of necrosis because the vascularization of the lower third is 
from the lumbar arteries, which are cut to rotate the fl ap. 

 As this is a bulky fl ap whose pedicle ascends from the donor site to the recipient 
site on the head or neck, a certain risk of wound dehiscence is expected. Other risks 
include infection both of the donor site and of the recipient site—especially if the 
oral cavity is the area to be repaired—and fi stula in cases of communication with the 
oral cavity, parafacial sinuses, or cerebrospinal fl uid [ 27 ]. In such cases, the borders 
of the fl ap and the neighboring tissue should be completely sealed. Seromas and 
hematomas can form [ 28 ]. 

 Loss of function is not normally severe, although this may be the case for 
patients who use crutches to walk or need a wheelchair and for professionals such 
as gardeners or sportspeople such as golfers. If there are no contraindications, 
early rehabilitation of the shoulder should be undertaken within the fi rst week of 
the intervention. If the shoulder is immobilized for longer periods, the patient 
tends to adopt antalgic postures that considerably delay normal functioning of the 
shoulder [ 29 ].   

5.4     Sternocleidomastoid Myocutaneous Flap 

5.4.1     Introduction 

 The sternocleidomastoid myocutaneous fl ap was fi rst described by Owens in 1955 
[ 30 ]. Since then, the use of this fl ap has been considered controversial, and it has 
been relegated to adjuvant procedures with limited indications. It can be used as a 

J.I. Salmerón Escobar et al.

Dentlearn.ir



139

myocutaneous fl ap and as an osteomyocutaneous fl ap if clavicle bone tissue is 
included.  

5.4.2     Vascularization 

 The main blood supply is from a branch of the superior thyroid artery. However, the 
occipital artery is largely responsible for the supply of the cranial third of the mus-
cle. In addition, the middle third sometimes receives direct branches from the exter-
nal carotid artery. The caudal third can receive its supply from the suprascapular 
artery, cervical transverse artery, the thyrocervical trunk, and the superfi cial cervical 
artery [ 31 ]. The skin paddle is vascularized by myocutaneous perforators (veins and 
arteries) [ 32 ]. Given that venous return runs parallel to arterial return, the fl ap can 
be used cranially or caudally as a pedicle fl ap.  

5.4.3     Indications 

 Since it was fi rst described, the sternocleidomastoid fl ap has been heavily criticized 
because of the safety risk in tumors of the head and neck: the course of the muscle 
is close to the cervical lymph node chains II, III, IV, and V. Furthermore, partial 
necrosis of the raised skin paddle is common, affecting 20–52 % of all fl aps har-
vested [ 33 ]. 

 This fl ap is has been used mainly as a partial muscle fl ap after parotidectomy. It 
is placed between the skin and the branches of the facial nerve, thus reducing the 
risk of Frey syndrome [ 34 – 36 ] and the resulting cosmetic defect [ 35 ], although the 
superfi cial muscular aponeurotic system fl ap is now more generally used. The ster-
nocleidomastoid fl ap can also provide bulk and improve contour after a resection. 
Its volume can be increased by rotation. 

 The fl ap can be used for the reconstruction of the fl oor of the mouth and the 
tongue, as well as for intraoral, cervical, and facial structures caudal to the zygo-
matic arch [ 37 ]. Greater knowledge of the vascular anatomy of this muscle has 
made it possible to improve the harvesting technique, thus enabling the fl ap to be 
converted to a pedicle perforator fl ap and improving the arc of rotation of the pedi-
cle. Consequently, as we can be more selective with the quantity of tissue to be 
transferred, the survival rate of the skin paddle is increased [ 38 ]. 

 We use the sternocleidomastoid flap very occasionally to increase facial 
volume in 3-dimensional reconstructions. Although this is not the flap of choice 
for mandibular reconstruction, an osteomyocutaneous flap can be harvested 
based on the insertion in the clavicle. Thus, a longitudinal section of the clavi-
cle can be made, and dental implants can be placed either immediately or at a 
later date [ 39 ]. Given the morbidity associated with resection of the clavicle, 
we have never used the sternocleidomastoid flap in this way (Figs.  5.12 ,  5.13 , 
 5.14 , and  5.15 ).
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  Fig. 5.12    Surgical design       

  Fig. 5.13    Surgical defect       
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5.4.4           Complications 

 Before harvesting this fl ap, it is necessary to locate the spinal accessory nerve, 
which must be spared. Injury of the spinal accessory nerve can affect trapezius 
muscle function, and problems with rotation, elevation, and adduction of the arm 
have been reported, as have atrophy and pain in the arm [ 40 ]. 

 As with any other fl ap, the sternocleidomastoid fl ap can be affected by total or 
partial necrosis. Total necrosis is uncommon, except in patients who receive radia-
tion therapy as a complementary treatment. Partial necrosis of the skin paddle is 
quite common. As mentioned above, this complication can be reduced if the fl ap is 
harvested as a perforator fl ap [ 41 ]. 

 In the case of intraoral reconstruction, there is a risk of orocutaneous fi stula 
and wound dehiscence, although this risk can be reduced by suturing the fl ap on 
several planes. In addition, it is recommended to attach the fl ap to the bone using 
a suspension suture and insist on postural measures during the fi rst week after 
surgery.   

  Fig. 5.14    Sternoclei-
domastoid muscle 
providing bulk to the face       
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5.5     Cervicopectoral Skin Flap 

5.5.1     Introduction 

 The cervicopectoral fl ap was fi rst described by Becker in 1978 for the reconstruc-
tion of head and neck defects [ 42 ]. It is well vascularized and has a large skin sur-
face. In addition, its color, texture, and thickness and the disposition of the adnexa 
are very similar to those of the surrounding tissue. The cosmetic outcome is excel-
lent [ 43 ].  

5.5.2     Vascularization 

 One of the advantages of this fl ap is that it uses the local blood supply from various 
arterial-venous perforators; consequently, the risk of complete necrosis of the fl ap is 
very low [ 44 ]. 

 The upper third, from the ala to the chin, is supplied by perforating branches of 
the facial artery. The perforators of the superior thyroid artery supply the middle 

  Fig. 5.15    Immediate 
postoperative aspect       
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part of the fl ap (cervical region). The vascular network formed by the cervical trans-
verse artery supplies the caudal part of the fl ap, which includes the neck and chest 
[ 45 ]. The fl ap is also supplied by blood from the anterior thoracic vessels of the 
internal mammary artery [ 46 ].  

5.5.3     Indications 

 The cervicopectoral fl ap is the fi rst choice for skin defects that do not require tissue 
bulk. Although a cervicofacial fl ap may be suffi cient for malar lesions, the cervico-
pectoral fl ap is better for more extensive or cranial lesions, since it can completely 
cover the wound remaining after extirpation of the lesions in the orbit, malar region, 
parotid region, masseteric region, and chin, as well as in simple reconstruction of 
the lip [ 47 ]. The incision used for this fl ap can also be used to perform an ipsilateral 
cervical dissection, thus saving time, reducing morbidity, and providing a more 
extensive surgical fi eld. In addition, the surgical plane of this fl ap coincides with 
that of the fl ap taken for parotidectomy and cervical dissection [ 46 ]. The fl ap is 
simple and easy to harvest. 

 If additional volume is necessary, the cervicopectoral fl ap can be combined with 
free muscle fl aps, such as the rectus abdominis, or pedicle fl aps, such as the pectoral 
fl ap, which can then be covered with the cervicopectoral fl ap. This approach pro-
vides volume and is cosmetically acceptable after large resections. The combination 
is very commonly used in orbital exenteration, where a temporal myofascial fl ap 
can be combined with the cervicofacial fl ap [ 48 ]. Its greatest advantage is that it 
provides an extensive area of skin whose color and texture are similar to those of the 
face, thus leading to a very acceptable cosmetic outcome (Figs.  5.16 ,  5.17 ,  5.18 , 
 5.19 ,  5.20 , and  5.21 ).

5.5.4             Complications 

 The cervicopectoral fl ap is frequently affected by superfi cial epidermolysis [ 47 ], 
although complete necrosis is extremely rare. Scars at the donor site, very old age, 

  Fig. 5.16    MRI of the 
tumor       
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  Fig. 5.17    Cervicopectoral 
design       

  Fig. 5.18    Surgical defect       

  Fig. 5.19    Temporalis 
muscle fl ap fi lling the orbit       
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  Fig. 5.20    Elevation of the 
fl ap       

  Fig. 5.21    Final result       
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and heavy smoking constitute relative contraindications for this fl ap, since all these 
factors increase the risk of vascular complications. In the case of epidermolysis, the 
most likely outcome is that the tissue will scar after second intention healing. Given 
that the donor site is extensive, there is a risk of hemorrhage, hematoma, and 
infection.   

5.6     Nasolabial Flap 

5.6.1     Introduction 

 The nasolabial fl ap is a small and predictable fl ap that is easy to harvest [ 49 ]. It can 
be used for the reconstruction of small defects of the oral cavity, tongue, malar 
region, commissures, tip of the nose, ala, and lower eyelid [ 50 ]. It can be pedicled 
caudally or cranially and can be used bilaterally depending on the area of tissue to 
be repaired [ 51 ].  

5.6.2     Vascularization 

 The fl ap is supplied by the angular artery, the infraorbital artery, and the transverse 
facial artery. This complete supply means that the fl ap can be obtained as a random 
or axial fl ap. 

 Depending on where the tissue from the nasolabial region is to be placed, the fl ap 
can be pedicled to the different vessels that supply it. Thus, the fl ap can be pedicled 
superiorly, with the blood supply based on the infraorbital artery, and inferiorly 
from the angular artery. Lastly, it can be pedicled both medially and laterally after 
the transverse facial artery [ 52 ].  

5.6.3     Indications 

 The nasolabial fl ap is indicated for small soft tissue defects. If the fl ap is near the 
midline, two fl aps can be obtained, thus enabling closure of larger midline defects 
[ 51 ]. Its main indication is for defects of the fl oor of the mouth. 

 The fl ap is easy to harvest and leaves a very discreet cosmetic defect, since the 
scar is camoufl aged by the nasolabial groove. It is very useful for the reconstruction 
of intraoral soft tissue and even the tongue. In men, intraoral reconstruction has the 
drawback that the fl ap transports hair. Once the fl ap has settled, laser technology can 
be used to prevent hair growth. 

 In combined defects (bone and soft tissue), the nasolabial fl ap can be used to cover 
the bone fl ap. For example, in defects of the symphysis, bone tissue can be reconstructed 
using a microvascular iliac crest fl ap, teeth can be reconstructed with immediate place-
ment of implants on an implant-supported prosthesis, and soft tissue can be recon-
structed with a bilateral nasolabial fl ap [ 53 ], thus obviating dissection of the inferior 
oblique muscle with the iliac crest and reducing the comorbidity of the procedure. 
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 Given its anatomical proximity and versatility, which provide multiple options 
for blood supply, and color similar to that of the nose [ 54 ], the nasolabial fl ap 
enables different combinations for repair of soft tissue [ 55 ,  56 ]. In combination with 
other fl aps, it serves as a therapeutic tool for the reconstruction of the lips and peri-
oral tissue [ 57 ] (Figs.  5.22 ,  5.23 ,  5.24 , and  5.25 ).

  Fig. 5.22    Nasolabial fl ap 
design       

  Fig. 5.23    Surgical defect       

  Fig. 5.24    Intraoperative 
view       
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5.6.4           Complications 

 Detractors of this fl ap highlight the disadvantage that it leaves a scar on the face. In 
fact, in patients with no history of hypertrophic or keloid scarring, the scar is barely 
visible, since it is camoufl aged by the nasolabial groove. The cosmetic outcome is 
satisfactory or very satisfactory for most patients [ 58 ]. 

 The risk of wound dehiscence is greater if the fl ap is used for reconstruction of 
mobile and intraoral soft tissue, as in the case of tongue reconstruction. Infection of 
the donor site is rare, since the area exposed during harvesting is small and highly 
vascularized [ 49 ]. Superfi cial epidermolysis is possible, as are partial necrosis and 
total necrosis, although the latter is uncommon. 

 If the fl ap is used for reconstruction of the infraorbital area, a safety margin of 
7 mm from the medial canthus should be left in order to reduce the risk of ectro-
pion [ 59 ].   

5.7     Buccinator Flap 

5.7.1     Introduction 

 The buccinator fl ap was fi rst described by Reychler [ 60 ] as a myomucosal island 
fl ap. It has excellent texture, color, and pliability for reconstruction of intraoral soft 
tissue defects that are small in area and thickness. Closure of the donor site may be 
direct and not require an extraoral incision. The fl ap can be harvested as a mucosal, 
muscular, or myomucosal fl ap.  

5.7.2     Vascularization 

 The buccinator muscle is supplied by branches of the facial, internal maxillary, and 
infraorbital arteries. 

  Fig. 5.25    6 months 
postoperative       
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 The facial artery is the main vessel supplying the buccinator muscle. The buccal 
artery, a posterior branch of the facial artery, supplies the posterior half, and the 
inferior buccal and anterior buccal arteries, both of which are branches of the facial 
artery, supply the inferior and anterior regions [ 61 ]. 

 The branches of the internal maxillary artery that supply blood to the buc-
cinator are the buccal artery and the posterior superior alveolar artery. The 
buccal artery supplies blood to the posterior part of the muscle, whereas the 
posterosuperior alveolar artery participates in the supply of the posterior supe-
rior region [ 62 ]. 

 Lastly, the anterior superior region of the buccinator is also supplied by small 
branches of the infraorbital artery. 

 All of these vessels converge to form an anastomosis that enables several pedicle 
fl aps to be harvested. On the lateral surface of the muscle, a venous anastomotic 
system forms the buccal plexus that drains into the facial vein, namely, the ptery-
goid plexus.  

5.7.3     Indications 

 The buccinator fl ap can be attached anteriorly, posteriorly, or superiorly. A myomu-
cosal island fl ap is also possible. The fl ap obtained is delimited cranially by the 
parotid duct, anteriorly by the oral commissure, and posteriorly by the pterygoman-
dibular ligament [ 61 ]. 

 It can be used for reconstruction of the nasal cavity [ 63 ], hard palate [ 64 ], soft 
palate [ 65 ], dental alveolus, upper lip, maxillary antrum, and fl oor of the orbit if it 
is attached superiorly. When it is attached inferiorly, it can be used to reconstruct the 
fl oor of the mouth, lateral border of the tongue [ 66 ], mandibular vestibule [ 67 ], 
tonsillar fossa, and lower lip [ 68 ]. The island fl ap described by Zhao et al. [ 39 ] 
makes it possible to reconstruct defects of the lateral wall of the pharynx and of the 
base of the tongue [ 41 ]. 

 The buccinator fl ap can also be used in combination with other fl aps, since it is 
thin and pliable, and its appearance is similar to that of the tissue to be recon-
structed. It can be used to cover the bone tissue of a microvascular osteomyocutane-
ous fi bula fl ap [ 69 ]. The resulting appearance for subsequent placement of implants 
is very similar to that of the original mandible.  

5.7.4     Complications 

 Although the blood supply to the buccinator fl ap is good, there is a risk of partial or 
total necrosis. It is important to ensure that the pedicle is not accidentally compressed 
by occlusion [ 70 ]. The risk of vascular compromise is greater in patients with a com-
promised facial artery (e.g., those who have undergone cervical dissection). 

 In cases of insuffi cient hemostasis, there is a risk of hemorrhage and hematoma, 
which is relatively frequent in such a well-vascularized area [ 71 ]. 
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 The anatomical relationship with the facial nerve requires the dissection to be 
made in the appropriate plane in order to prevent temporary or permanent lesion of 
the nerve, especially of the marginal and buccal branches. 

 If the upper limit of the dissection is not respected, there is a risk of stenosis of 
the parotid duct. The donor site should not be closed with tension sutures, since this 
can lead to retraction of the scar and undesirable cosmetic alterations. 

 If the fl ap is attached, the pedicle can be cut after 3 weeks to ensure greater cos-
metic and functional quality of life.   

5.8     Platysma Flap 

5.8.1     Introduction 

 The platysma myocutaneous fl ap was fi rst described in the English-language litera-
ture in 1978 by Futrell et al. [ 72 ]. It is simple to harvest and is useful for covering 
tissue defects of the neck, oral cavity, and lower third.  

5.8.2     Vascularization 

 The main blood supply is via the submental artery. Branches of the posterior auricu-
lar, occipital, facial, superior thyroid, and subclavian arteries also supply the pla-
tysma and the superfi cial skin of the fl ap [ 73 ].  

5.8.3     Indications 

 The platysma fl ap is easy to harvest, although it does not provide large areas of skin. 
It can be attached caudally or cranially [ 74 ] and is useful for defects of the neck and 
lower third. 

 This flap can be used to repair defects of the anterior floor of the mouth 
[ 75 ,  73 ], tongue, and pharynx [ 76 ]. It can be used as an alternative to the 
superficial muscular- aponeurotic system flap after parotidectomy [ 77 ]. It 
could also prove useful for reconstruction of the wall of the airways and diges-
tive tract [ 78 ]. 

 The platysma fl ap is not suitable for patients who have undergone radiation ther-
apy (head and neck), ligation of the facial artery, or radical dissection, since there is 
a high risk of necrosis.  

5.8.4     Postsurgical Recommendations 

 In general, the drainage placed for neck surgery can also serve to prevent the forma-
tion of hematomas and seromas. As with all treatments of the neck, it is essential to 
be alert to hemorrhaging that may lead to compression of the airway and respiratory 
insuffi ciency. 
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 The supine position should be avoided. It is generally preferable that the patient 
be seated or with the bed raised to reduce pressure and thus reduce infl ammation 
and edema in the neck. 

 In defects of the cheek, malar region, tongue, and fl oor of the mouth that are distant 
from the pedicle, every attempt should be made to ensure that the pedicle is not tense. 
Therefore, posture should be managed, and the patient and his/her family should 
receive information on how to avoid movements that place the pedicle in tension.  

5.8.5     Complications 

 One of the reasons the platysma fl ap is disliked by many surgeons is the relatively 
low rate of venous return (7–30 %) [ 79 ]. Arterial complications are more unusual. 
Hemorrhaging and hematomas can occur. 

 Since there is a risk of cutaneous fi stula in defects of the oral cavity or airway, 
complete closure should be ensured by suturing on several planes.   

5.9     Palatal Flap 

5.9.1     Introduction 

 The palatal fl ap was fi rst used by Millard in 1962 [ 80 ] to treat a cleft palate. It is a 
predictable and simple fl ap that can be harvested quickly. The main drawback of the 
palatal fl ap is that direct closure of the donor site is not possible, although given that 
the underlying tissue is bone, there is no tissue contraction, and second intention 
scarring is favorable. In addition, the pedicle is short, although it can be lengthened 
if it is freed from the bony canal.  

5.9.2     Vascularization 

 The blood supply is from the major palatine artery, which anastomoses medially and 
anteriorly with the nasopalatine artery. An extensive arterial-venous plexus is also 
formed with the branches of the contralateral palatine artery [ 81 ], thus making it pos-
sible to obtain a mucoperiosteal fl ap of almost the whole mucosa pedicled to the greater 
palatine artery. The fl ap can also be pedicled to the nasopalatine artery [ 82 ] and even 
with random vascularization [ 83 ] if a suitable length/width ratio is maintained.  

5.9.3     Indications 

 The palatal fl ap is mostly used to close oroantral communication [ 84 ] of any cause. 
Fistulas of up to 5 mm can resolve spontaneously; however, larger fi stulas must be 
completely sealed, preferably on two planes. A major advantage of this fl ap is that 
it provides keratinized mucosa for the recipient site [ 85 ]. 
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 As mentioned above, this fl ap is useful for repairing a cleft palate [ 86 ] and, less 
commonly, it can be used to resolve defects of the base of the skull [ 87 ]. Lee pro-
posed a technique for reconstructing oroantral communication defect and using a 
delayed autologous bone graft for subsequent placement of implants [ 88 ] (Figs.  5.26 , 
 5.27 , and  5.28 ).

5.9.4          Complications 

 The most frequent complications are hemorrhage, which is due to the abundant 
blood supply in the palate and the impossibility of primary closure at the donor site. 
This hemorrhage is easily controlled with local compression [ 89 ]. 

  Fig. 5.26    Palatal defect       

  Fig. 5.27    Palatal fl ap       
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 Pain and discomfort at the donor site—which heals by second intention—can be 
resolved by applying triamcinolone and topical lidocaine gel. 

 Although complete necrosis of the fl ap is very rare, partial necrosis is 
observed in 5–10 % of patients. Given that the defect sometimes closes despite 
the necrosis, it may not be necessary to perform additional procedures after 
withdrawing the necrotized tissue. The risk of necrosis is greater in patients who 
have received radiation therapy to the head and neck, patients who have previ-
ously received palatal fl aps (which can compromise the blood supply to the 
fl ap), or when the internal maxillary artery or external carotid artery has been 
ligated.   

5.10     Submental Flap 

5.10.1     Introduction 

 The submental fl ap is a relatively new fl ap that was fi rst described by Martin et al. 
[ 90 ] at the end of the twentieth century. Since then, it has been increasingly used 
because it is widely accepted by patients, it is anatomically close to the oral cavity 
and face, and it is quick and easy to harvest.  

5.10.2     Vascularization 

 The fl ap is supplied by the submental artery, which is a branch of the facial artery 
[ 91 ]. An arterial anastomotic network can be found between the submental arteries. 
Venous drainage is to the facial vein.  

  Fig. 5.28    Postoperative 
view       
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5.10.3     Indications 

 The submental fl ap has a long pedicle [ 92 ] that arises very close to the fl oor of the 
mouth; therefore, it can be used to reconstruct intraoral and facial defects without 
tension. Furthermore, the resulting scar is discreet and generally very well accepted 
[ 93 ]. Another advantage of using this fl ap for intraoral and facial reconstruction is 
that the skin is thin and adapts easily to the defect. It has also been used as a micro-
vascular free fl ap [ 94 ], although this is not its most habitual application. 

 The main drawback of the submental fl ap is that the submental region is at the 
level of the neck most commonly affected by dissemination of lymph node tumors 
[ 95 ] in patients with cancer of the oral cavity. There is a risk of recurrence of the 
tumor in the fl ap if the neck has not been appropriately dissected during the fi rst 
procedure. The other disadvantage of this fl ap affects men undergoing reconstruc-
tion of the oral cavity, since beard hair grows in the reconstructed area. However, 
this disadvantage can be resolved if the fl ap is de-epithelialized [ 96 ]. 

 Despite these drawbacks, the submental fl ap is a very versatile option. It is used 
mainly for reconstruction of the fl oor of the mouth and the oral cavity. It is particu-
larly useful for reconstruction of the tongue and alveolar ridge and can be combined 
with mandibular bone tissue, thus making it an osteomyocutaneous fl ap for the 
reconstruction of inferior lateral maxillary defects [ 97 ]. However, the submental 
fl ap is not our preferred technique for this type of defect. 

 In addition to its application in the oral cavity, the submental fl ap can be used to 
reconstruct defects of the face, lips [ 98 ], parapharyngeal space, and parotid region. 

  Fig. 5.29    Anteroposterior 
view of the tumor       
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It can be combined with microvascular bone fl aps [ 99 ] and even with free bone 
grafts [ 100 ] for defects involving bone and soft tissue. Two skin paddles can also be 
obtained for reconstruction of thickness defects at the masseter [ 101 ]. 

 When used with retrograde fl ow, this fl ap can play a role in the reconstruction of 
defects of the temporal region, orbit, and even frontal region [ 91 ,  102 ] (Figs.  5.29 , 
 5.30 ,  5.31 ,  5.32 ,  5.33 , and  5.34 ).

5.10.4             Complications 

 The submental fl ap is not subject to high rates of necrosis, although the risk of 
necrosis does increase considerably in patients who have received radiation therapy 
(neck or fl oor of the mouth) or undergone previous cervical surgery and when the 
facial artery has been ligated. In order to protect the pedicle and reduce the risk of 
torsion, mylohyoid muscle tissue and tissue from the digastric muscle belly can be 
incorporated to surround the pedicle [ 96 ]. 

  Fig. 5.30    Lateral view of 
the tumor       

  Fig. 5.31    surgical 
specimen       
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  Fig. 5.33    Intraoperative 
position of the fl ap       

  Fig. 5.32    Surgical defect 
and fl ap design       

 

 

J.I. Salmerón Escobar et al.

Dentlearn.ir



157

 The fl ap is subject to hematoma, wound dehiscence, and infection. The risk of 
infection and wound dehiscence is considerably greater in reconstruction of defects 
of the oral cavity. 

 Given the closeness of the pedicle to the marginal branch of the facial nerve, 
there is a 1.1 % risk of lesion in this branch [ 103 ].      
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 Our surgical team analyzes the situation of each patient and assesses the need 
for extraction in completely or partially edentulous patients, the indication for 
implants to support prostheses, and the placement of implants in a primary or 
secondary procedure.  

      Functional restoration of the oral cavity after ablative surgery to treat cancer is one 
of the main challenges facing the head and neck surgeon [ 1 ]. 

 Tumor resection entails a loss of the normal anatomical structure (shape and 
volume), which can be corrected using microsurgical or pedicle free fl aps to recon-
struct lost tissue with similar tissue. Defects must be addressed on an individual 
basis depending on whether they comprise bone and soft tissue or simply soft tissue. 
Reconstruction can be based on bone, soft tissue, or both. Reconstruction tech-
niques have made it possible to design several types of fl ap (skin, muscle, and bone) 
that enable 3-dimensional repair of oromandibular defects resulting from tumor 
resection. Although reconstruction of mandibular continuity defects improves facial 
harmony, restoration of function requires dental rehabilitation [ 2 ]. 

 Restoring function is very diffi cult, even with appropriate anatomic reconstruction. 
 The oral cavity and the lower facial third are key areas when restoring cosmesis 

and function. When facial anatomy is altered, important social functions such as 
chewing, swallowing, and phonation are irreversibly affected. Combination with 
radiation therapy can worsen complications and functional alterations [ 3 ]. 

 In 1991, Urken [ 4 ] stated that the objectives of functional reconstruction were 
the following:

•    Primary restoration of bone continuity with rigid fi xed vascularized bone  
•   Immediate placement of osseointegrated implants in order to ensure rapid reha-

bilitation of occlusion  
•   Placement of thin and pliable tissue for reconstruction of the fl oor of the mouth 

and tongue  
•   Restoration of sensation in soft tissue: labial sensation and competence, restora-

tion of sensation in intraoral tissue    

 Therefore, reconstruction of teeth and bone and rehabilitation of occlusion play 
a key role in restoring quality of life. Unlike reconstruction of other parts of the oral 
cavity, repair of the osseodental unit also has the enormous advantage that the dental 
rehabilitation and occlusion achieved are similar to before resection; in other words, 
the patient’s ability to chew is much the same as before surgery. In 2006, Roumanas 
et al. [ 5 ] showed that tumor resection was followed by a considerable reduction in 
the ability to chew. However, this function was restored after microsurgical recon-
struction and conventional dental rehabilitation of both the affected and the nonaf-
fected side. Furthermore, if dental rehabilitation is with prostheses placed on 
implants, recovery of function is much better on both sides. The improvement in 
function is statistically signifi cant. 

 Osseointegrated implants have revolutionized reconstructive treatment in patients 
with cancer of the oral cavity, since they enable stabilization of dental prostheses. 
Thus, we can achieve real cosmetic and functional rehabilitation. Placement of 
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osseointegrated dental implants in patients with defects of the maxillofacial region 
has been common practice for the last 5 years. Riediger [ 4 ] was the fi rst author to fi t 
delayed implants in microsurgical fl aps and Urken [ 4 ] the fi rst to fi t implants imme-
diately during the bone reconstruction procedure. 

 The patient must be made aware of the immediate and delayed effects of radia-
tion therapy on the oral cavity. One of the earliest effects (during the fi rst or second 
week) is intense mucositis, followed by xerostomia (loss of up to 99 % of normal 
salivary fl ow), loss of the sensation of taste, and aggressive caries. Later effects 
include trismus and fi brosis, which further complicate appropriate rehabilitation of 
oral function [ 6 ]. 

 The support, retention, and stability of a dental prosthesis after surgery and radi-
ation therapy can be severely altered, and bone regeneration is also diminished; 
therefore, conventional prostheses offer no real solutions to cancer patients. 

 Implant-supported and implant-retained rehabilitation is the only valid alterna-
tive when restoring cosmesis and function. 

 Few studies provide long-term results in large patient populations. One of the 
reasons for this lack of data is that long-term survival continues to be low, despite 
advances in surgery and adjuvant therapy. In this chapter, we will address several 
controversial issues concerning the effect on implants of factors such as radiation 
therapy, the reconstructive method used, the type of bone fl ap, optimal time for fi t-
ting implants, and the approach to dental rehabilitation. 

 We present our experience in dental rehabilitation of cancer patients at the Oral 
and Maxillofacial Surgery Department, Hospital General Universitario Gregorio 
Marañón, Madrid, Spain, over the last 24 years (1990–2014). The study population 
includes 216 patients (155 men, 61 women) who received a total of 1665 implants. 

 Eighty-fi ve percent of the patients were treated for malignant neoplasm; the most 
common tumor was squamous cell cancer. The remaining 15 % were treated for 
odontogenic tumors, mainly ameloblastoma. As for location, 21 cases involved the 
maxilla, and the remainder the mandible, lower alveolar ridge, gums, buccal mucosa, 
tongue, fl oor of the mouth, and oropharynx. 

 Mean age was 52 years (range, 18–84 years). Follow-up of the implants and 
dental rehabilitation ranged between 9 months and 23 years. 

 Of the 216 patients, 199 were treated with dental prostheses. Rehabilitation was 
impossible in 17 patients (death immediately after surgery, locoregional recurrence, 
early distant metastasis, lack of patient cooperation, and severe functional and ana-
tomic limitations). 

 We used free microsurgical grafts in 135 patients, fi bula fl aps in 68, iliac crest 
fl aps in 41, radial forearm fl aps in 17, scapula fl aps in 3, rectus abdominis fl aps in 3, 
and anterolateral thigh fl aps in 3. We used pectoralis major pedicle fl aps in 18 
patients, trapezius osteomyocutaneous fl aps in 16, and temporalis muscle fl aps in 
10. The reconstruction was performed with local nasolabial fl aps, buccinator fl aps, 
or direct closure in 19 cases. In 11 cases, the patients were not treated using surgery, 
but with radiation therapy with(out) adjuvant chemotherapy administered systemi-
cally or intra-arterially. Finally, we used vertical and horizontal distraction osteo-
genesis in fi ve cases for both the maxilla and the mandible. In a group of fi ve patients 
with maxillary tumors (Brown type I and II, unilateral and bilateral), soft tissue was 
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reconstructed and closed without using bone, and the occlusion was restored by 
means of zygomatic implants to support and retain the dental prostheses. 

 Until 1999, we used cylindrical hydroxyapatite-coated impacted implants 
(408 implants). From 1999 onwards, we used titanium screw implants, and from 
2006 until the present, we have used RBM-treated screw implants (MG Osseous, 
Mozo- Grau®). All the implants had the external hex connection. 

 Adjuvant radiation therapy was administered to 149 patients (69 %). A total of 
1113 implants were fi tted during the primary procedure (ablative and reconstructive 
surgery, before radiation therapy [507 implants]) or during the secondary procedure 
(at least 12 months after radiation therapy [606 implants]). We used hyperbaric 
oxygen before fi tting the implants in only three patients. With respect to the results 
of osseointegration in patients who received radiation therapy, we can observe a 
difference between pre-2006 results and subsequent results. Until 2006, we used 
hydroxyapatite-coated implants or plasma-coated titanium implants in 57 patients 
(342 implants [160 primary, 182 secondary]). The success rate was 96.2 % (6 fail-
ures in 160) in the primary implants and 88.47 % (21 failures in 182) in the second-
ary implants. From 2006 onwards, we used 771 RBM-coated implants (Mozo-Grau®) 
in order to improve the position and orientation of the implant depending on the 
prosthesis chosen for each patient. Thus, slightly under half were fi tted during the 
primary procedure (347/771), and the remainder during the secondary procedure 
(424/771). The success rate of osseointegration in this group from 2006 onwards 
was 94.25 %, with no signifi cant differences between the primary and secondary 
groups. 

 The osseointegration period in patients not receiving radiation therapy was of the 
usual duration, i.e., 3 months for the mandible and four for the maxilla. However, 
this period was twice as long in patients undergoing radiation therapy. The second 
phase was with local anesthesia at the outpatient clinic. In patients who had received 
radiation therapy, we tried to ensure that this phase was minimally traumatic, with 
incisions as small as possible and minimal detachment of gum tissue. 

 In 45 % of cases, the implants were fi tted in the bony component of the fl ap; in 
the remaining 55 %, they were fi tted in the remnant bone. 

 The best results were observed for microsurgical bone fl aps. Thus, the success 
rate was 92–94 % for the fi bula fl ap and iliac crest fl ap and almost 90 % for the 
scapula fl ap. The poorest results (30 % failure rate) were recorded for the trapezius 
osteomyocutaneous fl ap, in which two-thirds of implants were fi tted after radiation 
therapy. Implants fi tted in remnant bone were successful in 80–90 % of cases. We 
found poorer results for osseointegration in the maxilla than in the mandible, 
although the differences were not signifi cant. Zygomatic implants performed par-
ticularly well, even in patients who underwent radiation therapy, among whom the 
success rate was 100 %. 

 Of all the implants fi tted, 15 % (250/1665) could not hold prostheses. We can 
distinguish between two subgroups. The fi rst subgroup comprised 17 patients with 
51 implants who could not undergo rehabilitation because of locoregional recur-
rence, second primary cancer, distance metastasis, fl ap loss, or death from causes 
not associated with the tumor. The second group comprised 199 implants that could 
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not be used because of poor positioning and patients whose rehabilitation was pos-
sible but not functional because of limited tongue movement, severe trismus, labial 
incompetence, dysphagia, and lack of patient cooperation in long-term mainte-
nance. Consequently, in some cases, the prosthesis had to be withdrawn. 

 Three weeks after the second phase, we took impressions using customized open 
impression trays. 

 The rehabilitation technique has varied in recent years. During the initial phase, 
our usual choice was overdentures; however, during the last 8 years, we have used 
fi xed screws. We sometimes use metal–porcelain structures, the most common 
design being fi xed hybrid metal–resin prostheses with no mucous support or acrylic 
fl anges that hide soft tissue, thus making it easier to detect recurrence. Our experi-
ence from the last 24 years shows that 70 % of our prostheses were fi xed and 30 % 
movable overdentures. However, from 2006 onwards, the number of fi xed prosthe-
ses increased to the extent that this approach is now used in 90 % of cases. 

 The success rate of osseointegration is almost 90 % in the 216 cancer patients we 
treated with implants, including patients who received radiation therapy and those 
who did not. Most failures were not due to poor osseointegration but to loss of the 
patient because of recurrences, second primary cancer, metastasis, or lack of coop-
eration during follow-up. Of the 216 patients selected for implants, 199 reached the 
prosthesis phase. Prostheses were supported in the vast majority of patients, 
although during the initial phases of our experience, poorly positioned sleeping 
implants were more common than now. Despite successful osseointegration and 
suitable dental rehabilitation, the prostheses had to be removed in ten patients 
because of poor functional outcome in chewing and swallowing due to severe tris-
mus, lingual incompetence, and loss of tongue mobility. 

 Data from our series are shown in Table  6.1 .

6.1       Discussion 

 The discussion is based on our experience. 

6.1.1     What Type of Implant Should Be Used: Smooth Machined 
Surface, Rough Surface, or Very Rough Surface? 

 Few studies have examined the effect of surface, size, or length to ensure better 
osseointegration in cancer patients. 

 In 2007, Nelson et al. [ 7 ] used four-implant systems in 93 cancer patients. Two 
had a smooth machined surface (Bränemark ® , Steri-Oss ® ) and two had a rough sur-
face (Camlog ® , Straumann ® ). No signifi cant differences were found in the success 
rate of osseointegration. 

 In 2010, Heberer et al. [ 8 ] studied 20 cancer patients who received radiation 
therapy with adjuvant chemotherapy. Six months after adjuvant therapy, a total of 
120 modifi ed and conventional sandblasted acid-etched implants were fi tted in the 
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mandible of all 20 patients. The mean success rate at 1 year was 96 % for the con-
ventional implants and 100 % for the modifi ed implants. Both surfaces presented 
bone loss at the implant shoulder (0.3–0.4 mm). The authors concluded that both 
surfaces were highly successful in irradiated bone and that the results for the modi-
fi ed surface were better because they were more hydrophilic and had high surface 
energy. 

 In 2011, Buddula et al. [ 9 ] performed a 21-year retrospective study of 48 patients 
with 271 implants fi tted in areas that had received a minimum of 50 Gy and con-
cluded that the smooth machined surface implants failed 2.9 times more than those 
with a rough surface. In addition, the machined surface implants failed more fre-
quently in the maxilla than in the mandible and more in posterior than in anterior 
sectors. Smooth implants with a diameter of ≤3.75 mm failed more frequently than 
those with a diameter of ≥4 mm. However, in the rough implants, no association 
was found between failure and location (maxilla-mandible, anterior-posterior), 
bone quality, or implant diameter and length. 

 In 2012, Fenlon et al. [ 10 ] analyzed 41 patients with 145 implants fi tted on 47 
fl aps and concluded that the survival of implants with a microrough surface is better 
that that of implants with a macrorough or smooth surface. 

 In 2014, Gander et al. [ 11 ] reported results for 136 microrough Astra® implants 
placed in 33 patients, 21 of whom had received radiation therapy at least 1 year 
before the implants were fi tted. In this subgroup, 12 of 84 implants failed. The dif-
ferences between these patients and those who did not receive radiation therapy 
were not signifi cant. 

 The initial results of our experience with hydroxyapatite-coated impacted implants 
(until 1999) were very good in terms of osseointegration, even in irradiated bone. 
However, we did observe a progressive loss of load-bearing implants, as described by 
Albrektssön [ 12 ], mainly owing to treatment-refractory peri- implantitis. We believe 
that once this implant becomes contaminated, the surface roughness hampers treat-
ment considerably and cannot prevent peri-implant bone loss. 

 Therefore, in 2006 we decided to switch to screwed models with a rough titanium 
surface. The new RBM-treated surfaces, which have a mean roughness of 1.4 Ra, 
have led to osseointegration rates close to those of noncancer patients, even in patients 
who have received radiation therapy. No progressive loss of load-bearing implants 
was observed during follow-up. Furthermore, peri-implantitis is much less frequent.  

6.1.2     Which Type of Prosthesis Is Preferred in Cancer Patients? 

 No consensus has been reached on which is the best prosthesis for rehabilitation of 
cancer patients. In fact, several authors report on surgical outcome and osseointe-
gration of implants, although few report successful functional rehabilitation. In 
2008, Smölka et al. [ 13 ] reported that successful osseointegration of implants is one 
thing, whereas the ability of implants to support a genuinely useful and functional 
prosthesis is another. The authors found that a 92 % success rate fell to 42.9 % 
owing to factors such as recurrence and lack of patient cooperation. 
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 The ideal prosthesis in cancer patients is one that prevents lesions of the soft tis-
sue while simultaneously providing appropriate support, retention, and stability. 
Therefore, in our opinion, prostheses should be implant retained and implant sup-
ported. In 1999, Weischer and Mohr [ 14 ] described how they modifi ed their reha-
bilitation protocol in cancer patients during the 1990s. The authors switched from 
combined mucosa-implant-supported prostheses to exclusively implant-supported 
prostheses owing to mucosal lesions associated with the prosthesis in patients who 
had undergone radiation therapy, mainly osteoradionecrosis that began through 
infection of traumatic mucosal ulcers. 

 In 2006, Garrett et al. [ 15 ] defended their use of overdentures in preference to 
implants in cancer patients. They gave the following explanations for their preference:

    1.    By sacrifi cing the marginal nerve and inferior dental nerve during ablation, the 
lower lip retracts, thus compromising speech and closure to prevent the escape 
of saliva. The fl ange of the overdenture repositions the lower lip towards the 
front, thus improving congruence with the upper lip.   

   2.    The fl ange of the prosthesis improves facial appearance by supporting and pro-
jecting the lip in the same way as the tooth or the original alveolar ridge.   

   3.    The overdenture enables better daily hygiene and maintenance, thus minimizing 
problems affecting the soft tissue.   

   4.    In cases where function and mobility of the tongue are compromised, a remov-
able prosthesis allows the teeth to be placed more posteriorly, thus enabling bet-
ter management of the food bolus by the remnant tongue.   

   5.    Removable prostheses are much less expensive than fi xed prostheses.    

  In 2007, Nelson et al. [ 7 ] reported results from the rehabilitation of 93 cancer 
patients (68 with rigid bar-retained overdentures and 25 with fi xed implant- 
supported prostheses). Problems with the overdenture retention clip in 11 of the 68 
patients required regular management. Moreover, in two patients, movement of the 
prosthesis led to mucosal ulcers. No maintenance complications were detected in 
the patients with fi xed implant-supported prostheses; therefore, the authors recom-
mended using fi xed prostheses where possible. 

 By contrast, Kovacs [ 16 ] and Linsen et al. [ 17 ] (in 2000 and 2009, respectively) 
found no differences between overdentures and fi xed prostheses in terms of which 
was the best prosthetic solution. 

 Mancha de la Plata et al. [ 18 ] found a better cosmetic and functional outcome with 
fi xed screwed prosthesis in their series of 30 patients who had undergone radiation ther-
apy. In 2014, Fang et al. [ 19 ], on the other hand, found a better functional and cosmetic 
outcome with removable prostheses, since these better compensated for soft tissue 
defects, although they also reported several advantages of fi xed rehabilitation, stating 
that the ideal prosthetic solution should be carefully designed on an individual basis. 

 We currently favor implant-supported implant-retained fi xed rehabilitation, with 
neither contact nor support from the mucosa. This is the approach of choice in 90 % 
of the patients we treat. We only use overdentures when we have fewer than four 
implants per dental arch, in cases of large soft tissue defect (poor tongue mobility, 
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defective lip support), or when there is a considerable increase in the interarch space 
that forces us to use excessively bulky fi xed structures. 

 The occlusion of choice in fi xed prosthesis is that which is mutually protected 
with minimum contact in the cantilevered areas; in the case of removable prosthesis, 
we prefer balanced occlusion.  

6.1.3     How Many Implants Should Be Fitted? Does Anatomic 
Location Affect the Success of the Implant? 

 The consensus in the literature is that to avoid gum lesions and ensure an adequate 
fi t of implant-supported and implant-retained prostheses, it is necessary to fi t 4–6 
implants per arch [ 20 ,  21 ]. 

 In fi bula-based reconstructions, Smölka et al. [ 13 ] recommend at least fi ve 
implants for fi xed rehabilitation with “Bränemark-like” ceramic or resin structures. 
With fewer implants, it is possible to use overdentures with bar or ball attachments 
(O-ring) or telescopic overdentures. Magnetic abutments are not recommended. 

 The ideal number of implants for overdentures is the same as for noncancer 
patients and has been reported to be between two and four [ 47 ,  22 ]. 

 The anatomic location of the implant seems to be important in patients undergo-
ing radiation therapy. Thus, Visch et al. [ 23 ] conclude that location is the dominant 
variable when assessing the success of osseointegration. Better outcomes have been 
reported in the mandible than in the maxilla and in anterior rather than posterior 
sectors. Nooh et al [ 24 ] offer an overall success rate of 78.9 % in the maxilla and 
93.3 % in the mandible. This better outcome in the mandible is generally attributed 
to the greater bone density and better blood supply in this area [ 25 ]. Several studies 
report 100 % success with implants fi tted in the maxilla [ 8 ] or similar results for 
both the maxilla and the mandible [ 7 ]. 

 In our department, therefore, the ideal minimum number of implants to ensure 
fi xed rehabilitation is 4–6; when there are fewer, we recommend overdentures. As 
we generally try to use fi xed prostheses, we fi t between four and six implants in the 
edentulous mandible and six in the edentulous maxilla. 

 We generally fi t the implants in the anterior sector; in the posterior sector, we 
usually fi t the last implant in the area of the fi rst and second premolars. Therefore, 
our rehabilitation procedures usually involve a single premolar and a molar. 
Although implants can be fi tted more distally, such an approach is not useful in 
prosthetic terms, since these areas are diffi cult to access owing to limited mouth 
opening. In addition, hygiene and maintenance are somewhat complicated in the 
posterior areas for the same reason. Therefore, we generally try to avoid these areas.  

6.1.4     Does Radiation Therapy Affect Osseointegration 
of Implants in Cancer Patients? 

 In the initial era of implant surgery, radiation therapy was considered an absolute 
contraindication when fi tting implants [ 26 ]. 
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 Ionizing radiation produces energy that damages or destroys cells by impairing 
nuclear DNA or altering the molecular characteristics of isolated cells. Radiation 
therapy in the oral cavity leads to changes in the bone and soft tissue. It affects bone 
cells and vascularization and reduces remodeling ability through damage to osteo-
blasts, osteocytes, and osteoclasts. In the case of osteoblasts and osteocytes, the 
ability of new bone to divide and synthesize is diminished. However, the osteoclasts 
continue to reabsorb to the extent that bone loss is faster than new bone formation. 
Radiation damages vessels fi rst through hyperemia, then by endarteritis, thrombo-
sis, and progressive occlusion until the capillaries are obliterated. Consequently, the 
number of bone marrow cells and bone vascularization are diminished, leading to 
fi brosis and fatty degeneration of bone marrow. 

 In the case of soft tissue, oral mucosa, gums, and glands, radiation therapy leads 
to infl ammation, altered salivary composition, reduced amount of saliva, gum 
detachment, and changes in oral fl ora. Consequently, function is worsened and the 
risk of osteonecrosis increases. 

 Recent systematic reviews show that the risk of osteoradionecrosis is low (2 %) 
and that this complication is more likely during the fi rst 2 years after radiation 
therapy. The risk increases with the number of procedures affecting the bone, such 
as tooth extraction, and in patients with poor oral health and hygiene [ 27 ,  28 ]. 

 In experimental animal studies, Arnold et al. [ 29 ] used rat femur and Brasseur 
et al. [ 30 ] used dog mandible to show that the capacity for remodeling and osseoin-
tegration was not affected in animals that fi rst receive implants and then radiation 
therapy. The results were in fact poorer in animals that fi rst received radiation ther-
apy and then implants. Furthermore, mineral distribution and porosity were more 
heterogeneous in irradiated bone. Despite these effects in dogs, osteons form cor-
rectly and osseointegration is achieved, even in bone that is irradiated before 
implants are fi tted, provided that the implants are fi tted at a later period (6 months 
after radiation therapy is complete according to Brasseur et al.). Schweiger [ 31 ] 
found similar results with dog mandibles and concluded that osseointegration was 
possible. By contrast, Larsen et al. [ 32 ] recorded a poorer performance with rabbit 
tibia and a reduction in the osseointegration surface of the implant in irradiated bone 
not treated with hyperbaric oxygen. 

 In a human postmortem histopathology study, Bolind et al. [ 33 ] examined 
implants fi tted in irradiated bone and showed that osseointegration had occurred. 
These authors calculated that the mean contact surface was only 40 %: the normal 
percentage in nonirradiated bone was 80 % for the mandible and 60 % for the max-
illa. A positive correlation was found between the fi gure for bone–implant contact 
and time between radiation therapy and placement of the implants. The authors 
concluded that if suffi cient time is left after radiation therapy, human bone can 
recover part of its capacity for remodeling and achieve osseointegration. 

 In 2009, Ihde et al. [ 34 ] carried out a literature review of all experimental animal 
studies and studies of patients who had received radiation therapy and implants. 
They concluded that patients who receive radiation therapy have a two- to threefold 
greater relative risk of losing implants than nonirradiated patients. 

 The osseointegration surface (peri-implant trabecular bone) was analyzed by 
Marxand Morales [ 35 ] after 4 months in transplanted bone, normal mandible, and 
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irradiated bone. Seventy-two percent of the implant–bone interface in transplanted 
bone was occupied by new bone tissue. New bone tissue accounted for 50 % of 
normal bone and 40 % of irradiated bone; in both cases, the tissue was suffi cient to 
support occlusal loading. Based on Marx [ 36 ], hyperbaric oxygen was used to 
induce neoangiogenesis and increase fi broblast activity, thus ensuring increased 
partial pressure of oxygen in previously hypoxemic and ischemic irradiated areas. 
The standard protocol comprises 30 sessions (20 before implantation and 10 after 
surgery) with hyperbaric oxygen (100 %, at 2.4 atm, 90 min per session). 

 The series presented by Taylor and Worthington [ 37 ] in 1993 comprised 21 
implants in previously irradiated mandibular bone. No implants were lost at the end 
of follow-up (3–7 years). 

 The series reported in 1998 by Niimi et al. [ 38 ] comprised 228 implants placed in 
irradiated maxillas in the United States and Japan. The success rate was 98 % in the 
case of irradiated mandibles that underwent hyperbaric oxygen therapy. The corre-
sponding success rate in the upper jaw was 72 %. Ali et al. [ 39 ] reported a 60 % success 
rate in the upper jaw and a 100 % success rate in the lower jaw. In the study by Eckert 
et al. [ 40 ], the survival rate was 64 % in the maxilla and 99 % in the mandible. 

 In 2007, Nelson et al. [ 7 ] studied 93 patients, 29 of whom had undergone radia-
tion therapy. Implant survival in the radiation therapy group was 84 % at 46 months 
and 54 % at 13 years. No statistically signifi cant differences in osseointegration were 
found between patients who had received radiation therapy and those who had not. 

 Linsen et al. [ 17 ] found a 94 % implant survival rate in irradiated bone after 10 
years. The authors stated that failure occurred mainly during the osseointegration 
phase (some months immediately after the implants were fi tted) and that osteoradio-
necrosis associated with implants was exceptional. 

 In their retrospective study of 48 patients who received implants in previously 
irradiated bone (≥50 Gy), Buddula et al. [ 41 ] recorded survival rates of 98.9, 89.9, 
and 72.3 % at 1, 5, and 10 years, suggesting that osseointegration was progressively 
lost over the years. Furthermore, failure was much more common in the maxilla 
than in the mandible (success rate of 80.5 % in the maxilla vs. 93.6 % in the man-
dible at 5 years). No differences were found between implants fi tted on irradiated 
remnant bone or irradiated fl ap bone. 

 In their series of 335 implants and 30 patients, Mancha de la Plata et al. [ 18 ] 
recorded osseointegration in 92.6 % of cases at 5 years in patients who had previ-
ously received radiation therapy. In the subgroup of patients with osteoradionecro-
sis, the success rate fell to 48.3 %. 

 In 2013, Chambrone et al. [ 42 ] carried out a systematic review of implants fi tted 
in irradiated native bone (not fl aps) and concluded that radiation therapy has a 
clearly negative effect on implant survival. They found a 174 % greater possibility 
of failure when the implants were fi tted in irradiated bone. Furthermore, implants 
fi tted in the maxilla had a 496 % greater risk of failure than those fi tted in the man-
dible. Treatment with hyperbaric oxygen provided no survival benefi t for implants 
in cancer patients. 

 In 2013, Tanaka et al. [ 25 ] reviewed and updated fi ndings for implants in cancer 
patients who had received radiation therapy and found a success rate that increased 
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from 74.4 to 98.9 % and was greater than 84 % in most studies. Both implants and 
rehabilitation with prostheses were successful. 

 Zheng et al. [ 43 ] proposed three different approaches to improve the condition of 
irradiated bone: hyperbaric oxygen, bone morphogenetic protein (BMP-2), and 
osteogenic growth peptide. The authors warned that there was no evidence in favor 
of these approaches and that they should be used on an individual basis. 

 An interesting observation was made by Gander et al. [ 11 ] in their study of 21 
patients who had received radiation therapy that the radiation technique can affect 
osseointegration, since six implants failed in the only two patients who received 
conventional radiotherapy. Only six failures of osseointegration were recorded in 
the remaining 19 patients, who received intensity-modulated radiation therapy. 

 In our series, the overall success of osseointegration for implants fi tted in irradi-
ated bone was very high, close to 95 %, consistent with results in the literature for 
patients who did not receive hyperbaric oxygen. Most failures in patients who have 
received radiation therapy are due to locoregional recurrence, distant metastasis, 
second primary cancer, or diseases other than cancer. 

 The risk of osteoradionecrosis in the mandible after placement of implants was 
minimal in our series. We detected mandibular necrosis associated with an implant 
in only two patients. In both cases, pain and an orocervical fi stula were observed in 
the parasymphysis. In one of these cases, hyperbaric oxygen was used before sur-
gery to treat the complication, which involved withdrawal of the implant and curet-
tage of the area affected accompanied by appropriate long-term antibiotic therapy. 
The complication resolved with no further sequelae.  

6.1.5     When Should Implants Be Fitted? When Is the Optimal 
Time for the Second Phase? 

 Prosthodontic rehabilitation of cancer patients should be planned as a normal part 
of treatment and therefore included in the treatment schedule before ablative 
surgery. 

 The cancer team choose the optimal therapeutic approach based on the following:

•    The characteristics of the tumor (histology, TNM classifi cation, and imaging 
studies [computed tomography])  

•   The defect of the bone and soft tissue after ablative surgery  
•   The appropriate method of reconstruction to repair the defect and restore 

function  
•   The potential need for complementary radiation therapy    

 The prosthodontics team can estimate the effects of these factors on oral  function 
and the potential diffi culties involved in fi tting a prosthesis (loss of the neutral 
zone, i.e., the available dynamic space for fi tting a prosthesis between the lip, 
cheek, and tongue, as well as alterations in tongue mobility, lip closure, and 
 mandibular mobility) [ 3 ]. 
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 Once the anatomic alteration expected after ablative surgery is known and recon-
struction of contour and function is planned, the dental prosthesis must be chosen. 
Ideally, this is implant supported, and the optimal position for the implants depends 
on the prosthesis to be fi tted. 

 The experience of the cancer team makes it possible to move from the initial situ-
ation, in which implants are placed where feasible, to one where choice and optimal 
placement of the microsurgical fl ap depend on prosthodontic rehabilitation and the 
implants that will make it possible. In other words, the reconstruction of soft and 
hard tissue should be guided by function and occlusal rehabilitation. 

 There is no consensus in the literature on the ideal time for placement of an 
implant. Depending on the relationship between administration of radiation therapy 
and placement of implants, a primary implant is defi ned as that which is placed 
before radiation therapy (during ablative and reconstructive surgery) and a second-
ary implant as that which is placed in tissue that has already been irradiated, irre-
spective of whether administration was recent or not. 

 When the need for adjuvant radiation therapy is foreseeable, many authors rec-
ommend primary implants [ 44 ,  45 ]. The advantages they report are as follows:

•    The time from placement of the fl ap and implant until initiation of radiation 
therapy should be at least 6 weeks. The time between initiation of radiation ther-
apy and the onset of deleterious effects on the bone is also 6 weeks. Therefore, 
when the bone surrounding the implant experiences the effects of radiation ther-
apy, we can say that osseointegration has occurred.  

•   The success rate of osseointegration increases if the implant has no abnormali-
ties of vascularization or capacity for regeneration.  

•   The morbidity of a second procedure can be avoided, as can potential complica-
tions of soft tissue and bone (risk of osteonecrosis).  

•   Functional rehabilitation is faster: patients can benefi t from dental rehabilitation 
within the fi rst year after surgery and thus enjoy a better quality of life sooner.  

•   Costs are reduced by obviating the need for hyperbaric oxygen.    

 However, primary implants also have disadvantages. Authors who do not favor 
primary implants warn of the following drawbacks [ 46 ]:

•    Better long-term assessment of postsurgical function and, therefore, better selec-
tion of candidates who can genuinely benefi t from prostheses fi tted on implants  

•   Intraoperative diffi culty deciding on the optimal position of the implants depend-
ing on the prostheses  

•   Problems with the thickness of the soft tissue and possible complications of 
osseointegration in the case of dehiscence, delays in scarring, and postsurgical 
infection  

•   Implants that will not be functional because of early recurrence. We know that 
80 % of locoregional recurrences occur during the fi rst 2–4 years of survival.  

•   Similarly, despite appropriate osseointegration and survival, some implants will 
not support a prosthesis owing to comorbidity or the fact that anatomic and func-
tional abnormalities are so severe (minimum tongue mobility, lip incompetence, 
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velopharyngeal insuffi ciency) that, even in cases with successful occlusal reha-
bilitation, chewing and swallowing are impossible.    

 In general, our experience with primary implants is very useful, but if we are 
unsure of the correct position for an implant, we do not place it. However, this 
situation becomes increasingly rare as the surgeon gains experience. Very thick or 
very scant soft tissue was once problematic for rehabilitation. However, we can 
now use a series of procedures to refi ne this tissue and thus overcome associated 
diffi culties. 

 Cost is one of the main reasons against primary implants; however, we defend 
this approach, even if medium-term expectations are limited. In advanced stages III 
and IV in the oral cavity, 5-year survival is 40–50 %, (Blanchard et al. [ 47 ]); how-
ever, in the literature, the need for immediate reconstruction is accepted in the vast 
majority of cases [ 47 ], even though we know that one of every two patients will die 
within the fi rst 5 years after surgery. The same could be said of dental rehabilitation, 
which is yet another phase of reconstructive treatment and one that provides patients 
with a clearly improved quality of life, albeit for a short period. 

 Schoen et al. [ 48 ] report that in advanced stages, the disadvantages are less 
important. Therefore, they recommend immediate placement of implants in all 
patients treated with curative intent. 

 In their 7-year retrospective study, Schepers et al. [ 22 ] analyzed 139 implants in 
the intraforaminal region of the mandible during ablative surgery. In 61 cases, the 
patient received complementary radiation therapy. Osseointegration was successful 
in 97 % of implants that were subsequently irradiated and 100 % in those that were 
not. The success rate for prostheses was 75 %; the remaining 25 % of implants 
failed owing to recurrence, early metastasis, or other causes. 

 In their 2011 systematic review, Barber et al. [ 46 ] found the success rate for pri-
mary implants to range between 96 and 100 %. In 2008, Schoen et al. [ 48 ] carried 
out a prospective quality of life study in 50 cancer patients undergoing rehabilita-
tion with primary implants in the remnant interforaminal region of the mandible. 
Only 35 received overdentures. Twelve of those who did not receive implants died 
within 12 months of surgery. No complications were reported, and osseointegration 
was successful in 97 % of cases, irrespective of whether the patient received adju-
vant radiation therapy. Quality of life is generally better in patients who undergo 
surgery without radiation therapy than in those who receive radiation therapy, and 
the functional improvement gained with implants is also better in patients who have 
not undergone radiotherapy. Therefore, the key factor for quality of life is the com-
plications arising from radiation therapy and not primary placement of implants, for 
which osseointegration rates are almost normal. The authors defend primary place-
ment, since even patients who have received radiation therapy benefi t from rehabili-
tation with implants 10 months after surgery; if implants are placed in a secondary 
procedure, this interval at least doubles. They conclude that in any cancer treatment 
administered with curative intent, placement of implants should be evaluated, and if 
these are chosen, they should be fi tted in a primary procedure where possible. 

 As for secondary placement, Visch et al. [ 23 ] concluded that 6 months after radia-
tion therapy, there are no differences in implant survival, regardless of whether they 
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are fi tted at 1 year or at 4 years. In a systematic review, Colella et al. [ 49 ] found no 
statistically signifi cant differences between primary and secondary implants and 
concluded that placement of implants should be based on other variables. In 2013, 
Mizbah et al. [ 50 ] presented the results of a retrospective study with two groups of 
patients who differed according to whether their implants were fi tted in a primary or 
secondary procedure. No signifi cant differences in implant survival were found 
between the groups (9 % failure of osseointegration for both groups). In the case of 
primary implants, 82 % could support prostheses; in secondary implants, this per-
centage increased to 93 %, perhaps because implantation was more accurate. 
Nevertheless, patients treated with primary implants benefi t from prostheses at least 
20 months before those treated with secondary implants (7 months compared with 
27). Furthermore, 17 % of primary implants and 4 % of secondary implants are never 
used owing to early recurrence, soft tissue complications, or trismus. The authors 
conclude that the 20-month advantage in rehabilitation compensates for the expense 
of new procedures and the 17 % of primary implants that are not functional. 

 In 2006, Garrett et al. [ 15 ] defended the use of secondary implants on a cost 
basis: in their prospective study, 44 % of cancer patients were unable to receive 
prostheses owing to early recurrence, lack of cooperation, or satisfaction with con-
ventional prostheses. In 2010, Korfage et al. [ 51 ] adopted a different focus. In their 
study, 50 patients were treated with primary implants and followed for 5 years. 
After 1 year, 12 patients had died; after 5 years 26 patients had died (11 of tumor- 
related causes and 15 of other causes). However, among the patients who survived, 
92 % benefi ted from their prosthesis at 1 year and 83 % at 5 years, thus demonstrat-
ing a clear and early improvement in quality of life. According to the authors, these 
fi ndings justify primary implantation within the framework of a reasonable progno-
sis for the tumor. 

 With respect to extraoral implants for retention of facial epithesis, Dings et al. 
[ 52 ] performed a retrospective study in 2011 and found that implants placed in pre-
viously irradiated facial bone failed in 18 % of cases, whereas in those placed in 
nonirradiated bone or in a primary procedure in bone that was subsequently to be 
irradiated, the osseointegration failure rate fell to 9 %. The authors concluded that 
the extraoral implants placed during ablation had a 90 % survival rate at 5 years, 
whereas in those placed after ablation, the survival rate fell to 65 %. 

 In the 2013 literature review by Nooh [ 24 ], the success rate for primary implants 
was 92.2 %, whereas that of the secondary implants was 88.9 %. The difference was 
not statistically signifi cant. 

 Esposito and Worthington [ 53 ] reported on the use of hyperbaric oxygen in 
patients who had received radiation therapy. The authors stated that despite the 
scant research in this area and the high risk of bias, the evidence obtained shows no 
clinical benefi t for hyperbaric oxygen in patients who have undergone radiation 
therapy and are to receive implants. 

 Based on experience in our department until 2006 [ 54 – 56 ], we concluded that 
primary implants osseointegrate better than secondary implants in irradiated bone. 
However, since a primary procedure requires placement of an implant in a position 
that is not optimal for the prostheses, the number of osseointegrated implants 
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increases, although occasionally, some implants cannot support prostheses (sleep-
ers). Since 2006, we have used primary and secondary implants with equal fre-
quency; therefore, in case of doubt or when it is likely that the outcome of the 
primary procedure will not be optimal, we defer implantation until at least 1 year 
after radiotherapy. With the currently available moderately rough RBM implants, 
rates of osseointegration are almost equal for primary and secondary implants; 
therefore, the speed of rehabilitation is no longer an argument in favor of primary 
placement. For us, the major advantage of primary placement is the full functional 
rehabilitation achieved during the fi rst year after cancer treatment. With a secondary 
procedure, this process takes much longer. 

 We agree with Schoen et al. [ 3 ] that, in secondary placement, there is a need for 
surgery with appropriate antibiotic coverage. The approach should be as conserva-
tive as possible to ensure an appropriate blood supply to the bone, minimum detach-
ment of periosteum, abundant irrigation, and low-speed drilling. 

 Schoen et al. [ 48 ] showed that prostheses placed on implants improve quality of 
life in terms of oral function and the degree of satisfaction provided by the teeth. 
Therefore, dental implants should be considered in any cancer patient treated with 
curative intent, especially if the patient is edentulous.   
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   Clinical Cases 1 (Figs. 6.1–6.7)  

  Fig. 6.1    Left fl oor of the mouth squamous cell carcinoma       

  Fig. 6.2    PET/TC bilateral positive cervical node hipercaptation       
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  Fig. 6.3    Preoperative PET/CT positive image in left lung apex suggesting a lung metastasis       

  Fig. 6.4    The patient 
underwent a fl oor of the 
mouth resection with clear 
margins and bilateral neck 
dissection. Lung surgery 
with clear margins confi rms 
squamous cell carcinoma. 
Adjuvant locoregional 
radiotherapy due to bilateral 
cervical lymph node 
infi ltration. pT2N2CM1. 
One year after the end of the 
radiotherapy under local 
anesthesia secondary 
implant placement       

  Fig. 6.5    Final 
orthopantomogram with 
two fi x screw-retained 
hybrid prosthesis       
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  Fig. 6.6    Hybrid fi x screw-retained “ad modum Bránemark” fi nal occlusion with small fl anges. 
Notice the left nasolabial skin paddle. Patient survives more than 6 years after the dental rehabilita-
tion and pass away due to a secondary lung tumor       

  Fig. 6.7    Prosthesis in place and the patient showing the left nasolabial fl ap scar       
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   Clinical Cases 2 (Figs. 6.8–6.18)  

  Fig. 6.8    A 28-year-old patient with a left mandibular ameloblastoma, preoperative frontal and 
lateral views       

  Fig. 6.9    Ameloblastoma 
involving left body, angle 
and ascending mandibular 
ramus       

  Fig. 6.10    Intraoperative 
view: reconstructive plate 
prebending       
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  Fig. 6.11    Specimen after 
the resection       

  Fig. 6.12    Fibula fl ap with 
a sagittal split osteotomy 
for accurate reconstruction 
of the mandibular angle       

  Fig. 6.13    Fibula fl ap in 
place with sagittal split 
osteotomy       
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  Fig. 6.14    Postoperative 
view with a conventional 
acrylic removable 
prosthesis       

  Fig. 6.15    Final 
orthopantomogram, one 
sleeper and the fi xed 
screw-retained 
ceramometalic bridge       

  Fig. 6.16    Final frontal view and detail of the goniac angle symmetry       
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  Fig. 6.17    Final lateral 
view       

  Fig. 6.18    Detail of the 
occlusion       
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  Fig. 6.19    1996: fl oor of 
the mouth squamous cell 
carcinoma, resection with 
clear margins, bilateral 
neck dissection, and 
reconstruction with radial 
forearm fl ap. Adjuvant 
radiotherapy       

  Fig. 6.20    One year after 
the end of radiotherapy 
tooth extraction under 
general anesthesia       

  Fig. 6.21    Despite bone defects implants achieved satisfactory primary stability       

   Clinical Cases 3 (Figs. 6.19–6.35)  
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  Fig. 6.22    The bone defects surrounding the implants were treated using bone-guided regenera-
tion with bone grafts and resorbable membranes       

  Fig. 6.23    Healing period 
was uneventful, 
orthopantomogram taken 
at the second stage surgery       

  Fig. 6.24    Atraumatic 
second stage surgery       
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  Fig. 6.25    Implant 
retained and supported 
overdenture       

  Fig. 6.26    1997 Behavior 
of this heavily irradiated 
peri-implant mucosa       

  Fig. 6.27    Final occlusion 
1997       
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  Fig. 6.28    1997 fi nal 
picture       

  Fig. 6.29    Peri-implant 
bone loss after 14 years of 
loading       
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  Fig. 6.30    Soft tissues around the framework in 1997 and after 14 years of loading       

  Fig. 6.31    Retrieving 
implants in radiated bone 
14 years later       

  Fig. 6.32    After 8 months 
period for healing mild 
bone regeneration in 
the irradiated mandible 
without hyperbaric oxygen 
treatment       

  Fig. 6.33    New fi rst stage 
surgery placing four RBM 
external hexagon implants 
MG osseous       
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  Fig. 6.34    Regarding new 
implants, two did not 
achieve adequate 
osseointegration, but the 
remaining are able to 
support a new fi xed 
screw-retained prosthesis       

  Fig. 6.35    Fixed screw-retained hybrid prosthesis in the mandible 14 years after the initial implant 
treatment       
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  Fig. 6.36    Mandibular 
fracture due to right 
retromolar trigone 
squamous cell carcinoma 
bone infi ltration       

  Fig. 6.37    Bilateral neck 
dissection, resection with 
clear margins an 
immediate reconstruction 
by means of a fi bula 
osteomyocutaneous fl ap. 
Immediate implant 
placement in the remnant 
mandible not in the fl ap. 
The patient underwent 
postoperative radiotherapy       

  Fig. 6.38    One year after 
the end of the radiotherapy, 
secondary implant MG 
osseous placement in the 
fi bula fl ap       

   Clinical Cases 4 (Figs. 6.36–6.42)  
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  Fig. 6.39    Master cast 
demonstrating proper 
osseointegration of the 
primary and secondary 
implants       

  Fig. 6.40    Mandibular fi xed screw-retained hybrid prosthesis with small acrylic fl anges       

  Fig. 6.41    Final 
orthopantomography 
showing one “sleeper,” a 
fully osseointegrated 
implant that does not 
support the prosthesis       
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  Fig. 6.42    Final view of the patient with the prosthesis in place       
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  Fig. 6.44    An implant supported and retained prosthesis is the only hope for a dental rehabilitation 
in these lateral non reconstructed mandibular defects       

  Fig. 6.43    A 72-year-old patient who suffer two different tumors in the right mandibular area. 
Right neck dissection, right mandibulectomy and adjuvant radiotherapy, The patient was not 
reconstructed due to different comorbid conditions. He presents deviation of the chin and mandible 
towards the affected side with the movements based on one single TMJ. Severe  imitation of the 
lateral and protrusive movements with a preserved opening (the so-called “cocodrile occlusion”)       

   Clinical Cases 5 (Figs. 6.43–6.48)  
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  Fig. 6.46    Notice the distance between implant position and the ideal mandibular teeth location 
due to the bone shift towards the affected side       

  Fig. 6.45    The prosthesis and master casts mounted in an semiadjustable articulator showing the 
mandibular deviation and the discrepancies between both jaws       

  Fig. 6.47    Final 
orthopantomogram 
demonstrating the metallic 
framework passive fi xation       
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  Fig. 6.48    Final occlusion in a radiated nonreconstructed patient after two different squamous cell 
carcinoma primaries       

    Conclusions 
 The most appropriate treatment for the patient is decided by the head and neck 
cancer team based on tumor characteristics (clinical classifi cation, histopathol-
ogy, results of imaging tests), the estimated size and location of the defect, the 
reconstruction method, and the predicted need for complementary radiation ther-
apy. Our surgical team analyzes the situation of each patient and assesses the 
need for extraction in completely or partially edentulous patients, the indication 
for implants to support prostheses, and the placement of implants in a primary or 
secondary procedure. 
 Our working method can be summarized in the following conclusions:

    1.    We use RBM screw implants with intermediate surface roughness (1.2–1.56 Ra/
μm depending on the area measured, MG Osseous®, Mozo-Grau®) and an exter-
nal connection because of their versatility in the restoration process.   

   2.    We place implants in a primary procedure if we can achieve the ideal posi-
tion for supporting the prostheses. If we feel this is not possible, we delay 
placement until the second procedure. Furthermore, if the implants interfere 
with the viability of the reconstruction method (e.g., excessive detachment 
of the periosteum of the fi bula fl ap), we delay the procedure.   

   3.    We prefer to place implants during ablative and reconstructive procedures 
because it ensures much quicker functional rehabilitation for the patient.   
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   4.    In the case of secondary implants, we prefer to wait 1 year after radiation 
therapy before placing the implants.   

   5.    In our series, we found no signifi cant differences in the success rates for 
osseointegration between primary and secondary implants. We did not use 
hyperbaric oxygen. The risk of osteoradionecrosis associated with second-
ary implant surgery is minimal.   

   6.    In patients who have not undergone radiation therapy, the second phase is 
the same as for noncancer patients; in patients who have undergone radia-
tion therapy, we allow twice as long for osseointegration and use minimally 
aggressive surgery, almost always under local anesthesia.   

   7.    Our fi rst choice for prostheses is implant-supported, implant-retained 
screwed fi xed rehabilitation with no mucosal support.   

   8.    The ideal number of implants is that which enables us to use a fi xed prosthe-
sis, i.e., normally 4–6 per arch in completely edentulous patients.   

   9.    The main reasons that placed implants are not used with prostheses are 
death from locoregional recurrence, second primary cancer or distant metas-
tasis, death not related to the tumor, and lack of patient cooperation.   

   10.    We recommend overdentures in cases with three or fewer implants on an 
edentulous arch or when there are major soft tissue limitations, a marked 
increase in interarch distance, major limitations of tongue movement, and 
deviated mandible.   

   11.    Follow-up of cancer patients who undergo rehabilitation with implants 
should be rigorous owing to the complications and problems associated with 
prostheses.   

   12.    We recommend complete functional rehabilitation in all cancer patients 
whose surgery is performed with curative intent. Therefore, we recommend 
implant- supported dental rehabilitation because of the clear improvement in 
quality of life.    
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  7      Reconstruction in Facial Paralysis       

       Teresa     González Otero       and     Ignacio     Navarro Cuellar     

    Abstract  
  The objective of reconstructive procedures in the patient affected by facial paral-
ysis is to achieve symmetry both at rest and in movement, with as natural a facial 
expression as possible. Diagnosis of facial paralysis is based mainly on clinical 
fi ndings, although electromyographic data are also frequently used. Once facial 
paralysis has been diagnosed, it is important to establish the degree of motor 
function involvement. Treatment of facial paralysis should be planned on an indi-
vidual basis and should be carried out at specialized centers with a facial paraly-
sis unit staffed by appropriately trained health professionals.  

7.1          Introduction 

 The facial nerve is responsible for facial expression. The devastating consequences 
of damage to the facial nerve can have a huge clinical and psychological impact on 
a patient’s quality of life. The objective of reconstructive procedures in the patient 
affected by facial paralysis is to achieve symmetry both at rest and in movement, 
with as natural a facial expression as possible, bearing in mind that the return to 
completely normal facial function is impossible. Other key objectives are to 
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minimize spasm and synkinesis and to ensure that facial expression is as emotional 
as possible. The role of rehabilitation is essential in this process. 

 In addition to facial asymmetry and lack of expression, the patient with facial 
paralysis is also severely affected by ophthalmic problems that leave the eyeball 
unprotected, such as lagophthalmos. The patient is unable to close the upper eyelid 
owing to failure of the orbicularis oculi, although it is possible to open the eyelid 
because the levator muscles, which are innervated by the third cranial pair, continue to 
function. In addition, the loss of tone in the lower eyelid leads to ectropion, which also 
exposes the eyeball. This exposure frequently leads to conjunctivitis, corneal ulcer-
ation, increased sensitivity, and even reduced visual acuity. Nighttime occlusion with 
patches is often necessary, as is application of artifi cial tears and ointments. 

 Therefore, surgical treatment of facial paralysis should be carried out at special-
ized centers with a facial paralysis unit staffed by appropriately trained health pro-
fessionals. Centers of this type have the necessary resources to ensure that each case 
is addressed on an individual basis.  

7.2     Etiology 

 Facial paralysis has several causes and can be classifi ed into various types. However, 
facial paralysis that requires surgery can leave permanent sequelae and is usually due 
to injury and iatrogenic lesions. Surgery to treat tumors of the cerebellopontine angle 
and surgery of the parotid gland are the most frequent causes of facial paralysis. 
However, we must not forget that the few cases of conditions such as Bell’s palsy and 
Ramsay Hunt syndrome that progress poorly can benefi t from specifi c reconstructive 
techniques. Congenital facial paralysis can also benefi t from facial surgery. 

 Iatrogenic lesions of the facial nerve (which can occur during otologic surgery, 
such as surgery of the cerebellopontine angle and of the parotid gland) can be avoided 
or minimized through a sound knowledge of the anatomy of the nerve, a meticulous 
surgical technique, and the use of the intraoperative facial nerve stimulator. Injuries 
to the facial nerve should be repaired immediately if possible. Another very typical 
situation in clinical practice is excessive stimulation and manipulation of the nerve 
during cranial base surgery. This does not produce loss of continuity of the nerve, 
although it does generate the most doubts over whether and when to perform surgery. 
In principle, it is recommended to wait, since the best facial function is achieved with 
the nerve itself, although there may be cases in which reinnervation techniques are 
sometimes performed during the fi rst year, depending on clinical progress during the 
fi rst months, electromyographic data, age, and patient expectations.  

7.3     Factors to Be Taken into Account When Deciding 
on a Surgical Approach 

 Clinical presentation of facial paralysis depends on the location of the lesion. 
Central paralysis, which is caused by cerebrovascular accidents or tumors above 
the facial nucleus (in the protuberance), is characterized by the fact that it 
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supplies the upper third, which has a crossed cerebral pattern. Therefore, unlike 
peripheral facial paralysis, only the lower part of the face is affected, leaving 
frontal and eyelid function unaltered. Peripheral facial paralysis is caused by 
lesions of the motor fi bers of the seventh cranial pair along its course from the 
facial nucleus in the brain stem to the point where the nerve exits the stylomas-
toid foramen. In such cases, all those muscles supplied by the facial nerve on the 
corresponding half of the face are affected to differing degrees depending on the 
intensity of the lesion. Involvement of the orbicularis oculi leads to Bell’s phe-
nomenon (exposure of the sclera due to rotation of the eye in order to prevent 
closure of the eyelid). 

 Interruption of nerve impulses to the facial muscles triggers a series of patho-
logic reactions. The fi rst event is a progressive loss of muscle fi ber, which can 
decrease muscle size to half in only 2 weeks. The fi bers gradually decrease in size 
until approximately 120 days after denervation, at which time the process of atro-
phy seems to slow down and stabilize. Hyalinosis and total degeneration are 
observed after 2–3 years. The time during which muscle fi bers can be recovered is 
paramount, since it sets a limit for reinnervation techniques. Current consensus 
indicates intervention before 18 months have passed in order to ensure that a large 
number of motor end plates can respond satisfactorily to new axons. In any case, 
serial electromyographic studies should be performed to monitor the progress of 
paralysis and the status of denervated muscles. The ideal scenario for the reinnerva-
tion techniques that we comment on below would be stable fi brillation potentials 
over time, which indicate denervation but conserved muscle tone. 

 Diagnosis of facial paralysis is based mainly on clinical fi ndings, although elec-
tromyographic data are also frequently used. Once facial paralysis has been diag-
nosed, it is important to establish the degree of motor function involvement. A 
common approach is the House–Brackmann score, which divides facial paralysis 
into six grades (I is normal function and VI total paralysis). Cases requiring surgery 
tend to be the most severe (grades IV, V, and VI), although milder cases can often 
benefi t from complementary techniques (see below). 

 A key element of reconstructive surgery to treat facial paralysis is the availability 
of easily interpreted visual scales that enable us to evaluate the results of the recon-
struction and compare outcomes with those recorded by other centers. Therefore, 
appropriate video recording is an essential aspect of patient progress [ 1 ]. 

 Treatment of facial paralysis should be planned on an individual basis, taking 
into account a series of basic data, as follows: origin of the lesion; differentiation 
between whether the lesion has resulted from a failure in the generation or transmis-
sion of the impulse; time since onset and, therefore, status of facial muscle; and 
involvement of other cranial pairs. It is also very important to consider patient-
dependent factors, such as comorbidity, age, cooperation, and expectations. Taken 
together, these factors enable us to establish three main treatment groups:

    1.    Less than 18 months since onset with preserved impulse. These cases involve 
damage to and lesions of the trunk of the facial nerve or its main branches at the 
point where it exits the stylomastoid foramen, for example, lesions caused by 
open trauma that section the nerve and damage resulting from surgery to treat 
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malignant tumors of the parotid. We can resolve the interruption of the stimulus 
by direct surgery or placement of a graft if direct suture is too tight. The sural 
nerve or the auricular nerve can be used in these cases. The sooner neurorrhaphy 
is performed, the better the outcome will be. It is necessary to record the time 
between anastomosis and appearance of the impulse in the paralyzed muscle. 
Surgery is usually performed at the time the lesion is caused and, if this is not 
possible, within the fi rst few months.   

   2.    Less than 18 months with failed impulse. The most common lesions are those 
resulting from the progress or removal of schwannoma of the eighth nerve and 
other types of intracerebral tumors or lesions. In these cases, the proximal ner-
vous impulse is not generated despite the fact that the facial nerve is undamaged 
throughout its course along the petrous portion of the temporal bone, as is the 
extracranial facial nerve and its branches. In these cases, and provided that 
the facial muscles are shown to be viable using electromyography, we can use 
the nerve impulse generated by the other cranial pair by directing it across the 
facial nerve and its intact branches. The three options are as follows: (a) using 
the contralateral facial nerve impulse by means of cross-graft(s) of the sural 
nerve within 3 months of onset, that is, when we are completely sure that the 
lesion of the facial nerve is incurable; (b) end-to-end anastomosis of XII–VII 
after sacrifi cing the hypoglossal nerve or semi-end-to-end anastomosis [ 2 ] with-
out sacrifi cing the seventh nerve; and (c) direct masseter–facial nerve anastomo-
sis by dissecting the facial nerve from the ear or by placement of an auricular 
nerve graft between the facial nerve and the masseteric nerve [ 3 ]. When the 
source of the nerve impulse is a nerve other than the facial nerve and even though 
the graft can be performed in a single procedure, cross-facial nerve grafting is 
usually performed during the same procedure in order to achieve an emotional 
smile in the long term.   

   3.    More than 18 months with established muscle atrophy. This category includes all 
types of long-term established facial paralysis, regardless of etiology, that is, 
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  Fig. 7.1    Treatment algorithm used in the facial palsy unit of La Paz University Hospital       
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regardless of whether or not the impulse had failed. In cases of this type, facial 
muscle function cannot be recovered, and other muscles must be used. We can 
perform static techniques, such as elongation of the temporal muscle, or dynamic 
techniques based on microvascular muscle fl aps, such as the gracilis fl ap or latis-
simus dorsi fl ap combined (or not) with a previous cross-graft (Fig.  7.1 ).
       Below we analyze some of the most common surgical techniques, with emphasis 

on the main features of surgery and the latest approaches.  

7.4     Direct Suture with or Without Interposition Graft 

 Successful outcome depends mainly on tension at the site of anastomosis [ 4 ] and the 
time since the lesion occurred [ 5 ]. Therefore, when feasible, neurorrhaphy should 
be performed when the lesion occurs. If the suture is tense or it is necessary to 
bridge a nerve defect, we can use a sural nerve or auricular nerve graft. The great 
auricular nerve is ideal because it is in the same surgical fi eld and, anatomically, 
gives off several branches that enable us to reconstruct several branches of the facial 
nerve when necessary. The sural nerve can be used in cases requiring a very long 
graft (Figs.  7.2  and  7.3 ).

    Every attempt should be made to reconstruct all the nerve branches to the limit 
set by the mid-pupillary line. At more anterior sites, it is practically impossible to 
fi nd a branch for anastomosis. 

 The surgical technique we use for neurorrhaphy involves several epineural 
stitches, enough to provide stability to the nerve and prevent the loss of axonal white 
matter, but not so many that the suture material itself interferes with reinnervation. 
When suturing is intrapetrous, only two stitches are made on the anterior surface; 
the posterior surface provides a stable point owing to the location of the nerve in the 
bony canal. Microsurgical suturing is completed with fi brin sealant (Tissucol®). 

  Fig. 7.2    Parotid gland 
carcinoma. Facial nerve 
reconstruction from the 
intramastoid area (facial 
nerve trunk) to the 
anterior facial nerve 
branches       
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The best functional results with this technique are achieved if reconstruction is 
early. Results can even be evaluated as early as the fi rst months after surgery 
(Fig.  7.4 ).

   In specifi c situations where it is necessary to bridge major defects of the facial 
nerve in patients with poorly vascularized tissue (e.g., those undergoing massive 
ablation, chemotherapy, and radiation therapy), the free vascularized nerve graft 
seems superior to the nonvascularized graft [ 6 ,  7 ].  

  Fig. 7.3    The major 
auricular nerve is used as a 
graft with its four branches       

  Fig. 7.4    Sural nerve dissection through small transversal incisions       
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7.5     Hypoglossal–Facial Nerve Anastomosis 

 In this approach, the hypoglossal nerve is sectioned beyond the descending branch, 
and end-to-end anastomosis is performed at the distal end of the facial nerve. 
Sacrifi cing the hypoglossal nerve leads to hemitongue atrophy, which causes some 
discomfort. The main advance in recent years has been hypoglossal–facial nerve 
semi-end-to-end anastomosis, which is performed by dissecting the facial nerve 
along its intrapetrous course and bringing it down to the level of the hypoglossal 
nerve, to which it is joined without having to completely section the nerve [ 8 ]. 

 Hypoglossal–facial nerve anastomosis is a simple, quick technique with very 
good results. The fi rst signs of reinnervation generally appear 5–6 months after 
surgery and include reappearance of expression wrinkles and folds, especially in the 
nasolabial fold, and a return to facial symmetry at rest. The patient will subsequently 
be able to develop the fi rst voluntary contractions with the help of rehabilitation and 
retraining. 

 This technique is used both as defi nitive treatment and “babysitter” treatment for 
maintaining facial muscle tone while waiting for the impulse in the cross-graft per-
formed during surgery [ 9 ,  10 ]. 

 During rehabilitation, the patient is taught to smile using the impulse in the hypo-
glossal nerve, that is, with tongue movements, despite the limitations, this imposes 
on the ability to achieve a spontaneous and emotional smile. If the patient has under-
gone cross-facial nerve grafting, a specifi c rehabilitation program must be designed 
to achieve emotional smiling once the electromyographic data show that the impulse 
has reached the muscles on the paralyzed side from the contralateral facial nerve. 

 If only one surgical procedure is performed (hypoglossal–facial nerve anasto-
mosis combined with cross-grafting, the microsurgical sutures are end-to-side 
between the sural nerve and facial nerve grafts on the affected side. Monitoring 
with electromyography is performed at approximately 12 months. If a contralat-
eral facial nerve impulse is detected in the muscles of the affected side, specifi c 
rehabilitation must be started. If surgery is to be performed in two procedures 
(hypoglossal–facial nerve anastomosis combined with cross-grafting without 
anastomosing the distal end to the damaged facial nerve), the second procedure 
will be at approximately 8–10 months in order to anastomose end-to-end the ends 
of the sural nerve to the facial nerve of the affected side. At 6–8 months after the 
second procedure, electromyography can show whether the impulse has arrived 
and, thus, rehabilitation can start. 

 Both options are feasible. Our series show that long-term results are slightly bet-
ter in patients who underwent two procedures, probably owing to the better conser-
vation of the facial muscles when the contralateral facial nerve impulse arrives, 
since it receives a stronger impulse from the hypoglossal nerve. Nevertheless, most 
interventions involve only one procedure since the results are also good and general 
anesthesia is used. In addition, the second procedure is often complicated, even 
though the end of the nerve is marked with synthetic material. It is important to 
evaluate each patient on an individual basis and take his or her preferences into 
account (Figs.  7.5 ,  7.6 ,  7.7 , and  7.8 ).
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3 months 6 months 12 months 18 months

  Fig. 7.5    Clinical evolution of a facial nerve reconstruction (orbicularis oris, orbicularis oculi, and 
zygomaticus muscle branches) using a major auricular nerve graft. The frontal and marginal 
branches palsy are camoufl aged with botulinum toxin       

  Fig. 7.6    Facial nerve 
dissected and descended 
from its temporal location 
to the hypoglossal nerve       
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7.6           Masseteric–Facial Nerve Anastomosis 

 Facial reinnervation can also be achieved using the masseteric nerve, the motor 
branch of the trigeminal nerve. The masseteric nerve is easy to locate within the 
masseter using appropriate references. Sacrifi ce produces no major sequelae, except 
for a slight loss of strength when chewing in some cases [ 11 ]. 

 The facial nerve can be reinnervated using an auricular nerve graft from the mas-
seteric nerve to the damaged trunk of the facial nerve at the point where it exits the 
stylomastoid foramen. The procedure can also be performed directly without a graft 
by dissecting the facial nerve from the ear, especially in totally deaf patients who 
undergo surgery for tumors of the cerebellopontine angle, and placing it beside the 

  Fig. 7.7    Small superior 
lip vestibular incision used 
to tunnel sural nerve grafts       

  Fig. 7.8    Sural nerve graft 
ready to be anastomosed 
on hemifacial palsy side       
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masseteric nerve, as in semi-end-to-end hypoglossal–facial nerve anastomosis. The 
axons do not have to cross another microsurgical suture, thus facilitating reinnerva-
tion and sacrifi ce of the auricular nerve. 

 During the rehabilitation process, the patient is taught to smile by using the stim-
ulus from the masseter and instructing him or her to bite down. In principle, this 
seems to be a more natural way of generating a smile than moving the tongue.  

7.7     Cross-Facial Nerve Grafting from the Healthy Side 

 The most common graft is the sural nerve graft, which is obtained from the leg via 
2 or 3 small transverse incisions measuring approximately 1 cm and a retromalleo-
lar incision. Fewer incisions may be necessary if the procedure is based on endos-
copy and a headlight. Longitudinal incisions should not be made for cosmetic 
reasons (Fig.  7.9 ).

Presurgery Final result

  Fig. 7.9    Facial nerve orbicularis oris branch reconstruction using a facial–hypoglossal nerve and 
cross-face graft anastomoses. At the fi nal result, the cross-face graft is working properly showing 
a better emotional smile       
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   The facial incisions should be of the facelift type in order to avoid unnecessary 
scarring. We generally use a ventriculoperitoneal shunt to transfer the graft to the 
paralyzed side. If two procedures are performed, the graft must be marked with a 
piece of silicone joined to the distal end with non-resorbable suture, which enables 
the end to be located easily during the second procedure and prevents damage to the 
nerve during surgery. 

 The branch chosen is always that which is to be sacrifi ced on the unaffected side, 
ensuring that it has suffi cient contractile strength and can perform the desired func-
tion without its sacrifi ce entailing an irreparable loss of function on the healthy side. 
Several branches from the same area can be used; these are stimulated electrically 
before choosing which one to sacrifi ce. 

 The outcome of this technique is more natural and emotional than that of hypo-
glossal–facial nerve anastomosis, since the stimulus originates in the facial nerve on 
the unaffected side, although for the technique to be successful, appropriate reha-
bilitation is necessary. At the same time, the result could be less predictable than in 
hypoglossal–facial nerve anastomosis since the growing axons have to overcome a 
long graft and two anastomoses. Furthermore, as the branches of the facial nerve 
provide a weak impulse, this technique may not provide completely satisfactory 
results for the patient or for the surgeon, unless it is performed within 3 months of 
the onset of paralysis and the patient is young. 

 In cases of partial paralysis that affects smiling, a cross-graft can be per-
formed with end-to-end neurorrhaphy to a branch of the unaffected side and 
end-to-side neurorrhaphy to the affected branch, which provides some stimulus 
(and should not therefore be sacrifi ced), yet insuffi cient stimulus for a normal 
expression [ 12 ]. 

 Prophylactic cross-facial nerve grafting can also be used in patients whose sur-
gery is not urgent and in whom the facial nerve is to be sacrifi ced. A cross-facial 
nerve graft is performed before sacrifi cing the facial nerve. Thus, the muscles will 
maintain their function to the detriment of the stimulus from the contralateral facial 
nerve, outcome is better, and the psychological impact of complete facial paralysis 
is considerably diminished [ 13 ].  

7.8     Temporalis Muscle Transfer Muscle for Dynamic 
Smile Reconstruction 

 The temporalis muscle has been used for some time to rehabilitate the smile of 
patients with facial paralysis. This approach has advanced considerably during the 
last 10 years with the move from transfer to elongation of the muscle, as made 
popular by Labbé. In the transfer procedure, the temporalis muscle was twisted 
above the zygomatic arch with the subsequent cosmetic defect in the temporal area 
due to the lack of muscle accompanied by bulging over the arch even when the arch 
is cut. In elongations, the tendon of the temporalis muscle is disinserted, and with 
the latest innovations introduced by Labbé, it is not even necessary to cut the zygo-
matic arch [ 14 ,  15 ]. 
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 The key of the technique lies in using the posterior half of the temporalis 
muscle for lengthening and anchoring to the orbicularis muscle of the upper lip. 
Two incisions are made: a hemicoronal zigzag incision and another in the naso-
labial fold. The latter should be designed before surgery with the patient stand-
ing and following the contralateral fold as a guide. After a subgaleal brow lift, 
the temporalis muscle is exposed, and the aponeurosis is opened only in the 
posterior half, leaving a 5-mm band of temporal aponeurosis; the muscle is 
detached deep in the anterior half and the insertions released in the temporal 
region and zygomatic arch without detaching from the lateral wall of the orbit 
or the temporal crest. The sphenotemporal crest must be detached with great 
caution, because this part of the procedure is performed blind and this area is 
where the pedicles are obtained. The incision in the nasolabial fold gives us 
access to the coronoid process, which we cut after following the Bichat fat pad. 
In order to bring the temporalis muscle down so that it reaches the orbicularis 
oris, it is necessary to detach all the fi bers with the pterygoid and the masseter. 
Once the coronoid fragment has been withdrawn, the tendon of the temporalis 
muscle is fi xed to the modiolus and superior orbicularis oris depending on the 
type of smile. In this technique, it is very important to begin rehabilitation 
within 2–3 weeks after surgery. Even though the movement of the commissure 
of the mouth is based in principle on the movements of chewing, over time, and 
in very specifi c cases, a more emotional smile can be achieved. However, the 
result will never be as good as that obtained using the microsurgical techniques 
described below, which are the approach of choice in patients affected facial 
paralysis for longer periods (Fig.  7.10 ).

  Fig. 7.10    Thirty years facial palsy evolution. Final result after temporal muscle elongation       
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7.9        Microvascular Muscle Flaps 

 Microvascular muscle fl aps can be harvested in one or two surgical procedures, 
depending on whether the graft is suffi ciently long to reach the contralateral side or 
whether it is necessary to perform a previous cross-facial nerve graft. If two proce-
dures are performed, then these should be separated by approximately 10 months to 
enable the axons to grow via the nerve graft. A positive Tinel sign shows that this 
growth has been successful. 

 The most frequently used muscle in these reconstructions is the gracilis, 
which is easy to harvest and has constant anatomic references. In addition, since 
the role of this muscle is covered by other adductors in the area, there are no 
functional consequences. The vascular pedicle is located between the long 
adductor above and the short adductor below. It is relatively short (approximately 
6 cm) because it fi nishes in the femoral vessels, although it is suffi ciently long to 
reach the facial or temporal vessels. The vascular pedicle is located on the deep 
aspect of the muscle and enters the muscle perpendicularly at 8–10 cm below the 
pubic tubercle. 

 Motor nerve supply is via the anterior branch of the obturator nerve, which enters 
the muscle obliquely 2–3 cm above the vascular pedicle and is easily distinguished 
between the long and short adductors for some 6–8 cm. The truly interesting feature 
of this nerve is that we can follow it to the obturator foramen (i.e., it can reach–
12 cm in length), thus enabling us to perform reconstruction in a single procedure. 
Therefore, it is necessary to follow the nerve in its second anatomic region, from 
where it enters the deep part of the short adductor and exits to course between the 
external obturator muscle below and the pectineus muscle above. Intraneural dis-
section is performed in this last section by lengthening the initial incision along the 
inguinal fold or using an endoscope [ 16 ]. 

 Innervation of the gracilis muscle is via the fascicles, thus making it possible to 
select the exact fragment of muscle to be harvested, of appropriate size and contrac-
tile force, using intraoperative electrical stimulation of the nerve fascicle selected. 
Nevertheless, we sometimes remove the Bichat fat pad to prevent bulging when the 
fl ap is placed on the face (Fig.  7.11 ).

   The microvascular gracilis muscle fl ap can also be harvested in a single pro-
cedure by obtaining the supply from the masseter nerve. This is the most com-
mon technique to treat bilateral facial paralysis in patients with Moebius 
syndrome, in whom the contralateral facial nerve cannot be used. However, in 
such cases, it is impossible to obtain an emotional smile [ 17 ]. An additional 
option involves using the gracilis muscle in a single procedure to obtain an emo-
tional smile by combining reinnervations of the muscle using the ipsilateral mas-
seter nerve with a cross-facial graft of the sural nerve anastomosed end-to-side to 
the obturator nerve, which acts as a trigger and thus enables a spontaneous smile 
(Figs.  7.9  and  7.12 ) [ 18 ].

   Other muscles with a motor nerve that is suffi ciently long to perform reconstruc-
tion in a single procedure include the latissimus dorsi [ 19 ], the rectus abdominis 
[ 20 ], and the short head of the biceps femoris [ 21 ]. 

7 Reconstruction in Facial Paralysis

Dentlearn.ir



216

 This surgical technique provides the best functional outcome in patients with 
prolonged facial paralysis. More than half of the patients achieve voluntary contrac-
tions of the graft without dyskinesia, and with good rehabilitation, many can achieve 
an emotional smile, especially children and young people, whose brain plasticity is 
much greater. If the technique is performed in a single procedure, there is less time 
to wait before seeing the results, a second procedure is avoided, and morbidity is 
reduced. However, facial symmetry seems to improve if the technique is performed 
in two procedures, although larger series are necessary before this hypothesis can 
confi rmed (Fig.  7.13  and  7.14 ) [ 22 ].

  Fig. 7.12    Latissimus 
dorsi muscle fl ap. The 
nerve length allows a 
one-stage surgery       

  Fig. 7.11    Sometimes 
Bichat adipose pad can 
be removed to avoid 
gracilis muscle fl ap 
excessive bulging       

 

 

T. González Otero and I. Navarro Cuellar

Dentlearn.ir



217

  Fig. 7.13    Gracilis muscle 
fl ap with its vascular 
pedicle and obturator nerve       

  Fig. 7.14    Right facial palsy after pontocerebellar angle tumor. It was reconstructed with a two- 
stage gracilis fl ap surgery       
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7.10         Complementary Surgical Approaches 

 Facial paralysis can be treated using a wide variety of complementary surgical pro-
cedures. Below we describe some of the most common: 

 Upper eyelid weights: Weight implants in the upper eyelid enable the eye to close 
with gravity. These weights replace the function of the orbicularis oculi and take over 
that of the levator muscles. The objective is to achieve complete closure of the eyelid 
with minimal ptosis on opening (<2 mm). We place a fl exible platinum chain implant 
[ 23 ] using a retrograde post-levator approach [ 24 ,  25 ]. The probability of complica-
tions is markedly reduced by an appropriate choice of weight, accurate placement of 
the weight (maximum lagophthalmos in voluntary closure), and careful surgery. 

 Canthopexy and canthoplasty: The difference between these techniques lies in 
cutting or merely suspending the lateral canthal tendon. Each technique can be per-
formed using a number of approaches. We mostly use external canthoplasty with a 
tarsal strip. These techniques are often combined with static lower eyelid suspen-
sion with a tarsal strip. 

 Auricular cartilage grafts in the lower eyelid: External lateral canthoplasty is not 
suffi cient to correct deformity of the lower eyelid in very severe cases of ectropion 
and laxity. An alternative to the tarsal strip is placement of an auricular graft accord-
ing the technique of Krastinova et al. [ 26 ]. The auricular cartilage graft acts as a 
splint that strengthens the lower eyelid and gives it the ability to resist gravity. The 
effects of dry eye, epiphora, keratitis, and conjunctivitis are reduced, and there 
have been no reports of graft resorption, infection, or extrusion. The main draw-
backs are possible partial lower visual fi eld loss due to the reduced range and mobil-
ity of the grafted lower eyelid and the potentially poor long-term resulting from the 
curvature of the graft, especially in patients with very thin skin. Consequently, we 
only use this approach in very specifi c cases. 

 Facelifting and blepharoplasty: Both are used to correct ptosis associated with 
muscular inactivity.

•    Lower lip plasty, oral commissuroplasty, myectomy of the lower lip muscles on 
the unaffected side, and selective marginal mandibular neurectomy on the unaf-
fected side to correct the deformity caused by mandibular nerve palsy [ 27 ].  

•   In addition to complementary surgical approaches, botulinum toxin plays a key 
role in the treatment of facial paralysis, both during the rehabilitation process and 
in cosmetic outcome, especially in the treatment of dyskinesia and muscle spasm.        
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  A 
  Ablative surgery 

 defect after , 15, 16  
 resection , 10, 12  

   Alloplastic material 
 anteroposterior postoperative vision , 

95, 100  
 bone cements, hydroxyapatite and acrylic 

prostheses , 95  
 bone grafts , 95  
 CAD/CAM systems , 4  
 3D CT reconstruction, tumor , 95, 96  
 high rates, exposure and superinfection , 4  
 implants and prostheses , 4  
 intraoperative navigation , 95, 98  
 intraoral wound infection , 5  
 with Kirschner wires , 4  
 left fronto-orbital meningioma , 95, 96  
 neovascularization , 4  
 nonorganic , 4  
 PEEK prosthesis , 95, 98, 99  
 polyether ether ketone , 95  
 radiation therapy , 5  
 regional pedicle grafts , 5  
 risk , 95  
 surgical defect , 95, 99  
 titanium mesh , 95  
 virtual reconstruction , 95, 97  
 virtual surgical planning defect , 95, 99  

   ALT fl ap.    See  Anterolateral thigh 
fl ap (ALT) 

   Ameloblastoma , 10  
   Anastomosis 

 direct masseter-facial nerve , 206  
 end-to-end , 26  
 facial palsy unit , 206  
 hypoglossal-facial nerve , 209–211  

   Anterolateral thigh fl ap (ALT) 
 adipofascial , 113  

 cerebrospinal fl uid leak, 
temporal defect , 133  

 compartment syndrome , 111  
 design , 111, 112  
 indications , 110  
 insertion, leak seal , 113, 114  
 intraoperative outcomes , 113, 114  
 morbidity , 111  
 MRI, tongue squamous cell 

carcinoma , 111  
 muscular component , 113, 114  
 myocutaneous vastus lateralis , 113  
 perforator , 110  
 postsurgery , 111, 112  
 presurgical planning , 110  
 septocutaneous perforator , 111, 112  
 surgical defect after resection , 111  
 three-dimensional defects , 113  
 tissue transfer , 110  
 vascular pedicle , 110  

    B 
  Bell’s palsy , 204, 205  
   Bichat fat pad 

 intraoperative , 45  
 maxillary tuberosity reconstruction , 45  
 oral cavity reconstruction , 44  
 vascularization, arteries , 45  

   Bilateral maxillectomy , 59, 63  
   Bone cement (methyl methacrylate and 

hydroxyapatite) , 136  
   Bone grafts 

 extraoral approach , 3  
 internal blocks , 3  
 mandibular reconstruction , 3  
 mandibulectomy and radiation therapy , 3  
 solid blocks of , 3  
 vascularization , 4  
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   Bone morphogenetic protein (BMP-2) , 175  
   Bone reconstruction 

 calvarian , 94  
 cranio-orbital region , 94  
 grafts , 94  
 materials, alloplastic   ( see  Alloplastic 

material) 
   2010 Brown classifi cation 

 complications , 43  
 horizontal , 42  
 vertical , 42  

   Buccinator fl ap , 46  
 complications , 149–150  
 description , 148  
 indications , 149  
 intraoral soft tissue defects , 148  
 vascularization , 148–149  

    C 
  CAD.    See  Computer-assisted design 

(CAD) system 
   CAM.    See  Computer-assisted manufacture 

(CAM) system 
   Cervicopectoral fl ap 

 cosmetic appearance , 52  
 dissection , 52, 54  
 intraoperative defect , 52, 53  
 intraoperative resection and 

reconstruction design , 52  
 orbital cavity with myofascial 

temporalis fl ap , 52  
 postoperative view , 50, 51  
 preoperative view , 52  
 tumor resection , 52, 53  

   Cervicopectoral skin fl ap 
 complications , 143–146  
 description , 142  
 indications , 144–146  
 vascularization , 142–143  

   Computer-assisted design (CAD) system , 4  
   Computer-assisted manufacture (CAM) 

system , 4  
   Condyle reconstruction 

 in vivo, tissue engineering , 30  
 schedule , 29  
 techniques , 29  
 TMJ , 29  
 tumor resection , 29  

   Contralateral hemimaxilla , 47, 48  
   Cranio-facial resection 

 anterior base and four wall , 78  
 anterior cranial fossa , 79–80  
 benign and malignant tumors , 78  
 bone   ( see  Bone reconstruction) 

 caution , 80  
 complex cavities , 78  
 complications , 101  
 coronal approach, preauricular regions , 85  
 diagnosis and presurgical planning , 81–82  
 endoscopic techniques , 82  
 exposure , 80  
 formation, orbital fl oor , 79  
 local and regional fl aps , 84–49  
 medial labiomandibulotomy , 82  
 microvascular   ( see  Microvascular fl aps) 
 objectives , 84  
 optic canal , 80  
 orbital fi ssure , 79  
 orbit repair , 100–101  
 pedicled maxillectomy , 82–83  
 postsurgical closure , 79, 80  
 RMI, gigant meningioma , 82  
 separation , 79  
 sphenoid wing , 79  
 subfrontal approach, anterior cranial 

fossa , 83  
 surgical specimen , 83  
 surgical techniques , 84  
 treatment, tumors , 81  
 upper and middle thirds of face , 78  

   Cross-facial nerve grafting , 212–213  

    D 
  De-epithelialized area, pectoralis 

muscle fl ap , 134  
   Defi nitive occlusion, fi bula fl ap , 10, 14  
   Dental implant 

 clavicle, longitudinal section , 139  
 osseointegrated , 164  

   Dental prosthesis and occlusion , 10, 11  
   Dental rehabilitation 

 adequate osseointegration , 192  
 adjuvant radiation therapy , 176  
 after resection , 184  
 ameloblastoma , 183  
 anatomic location , 172  
 atraumatic second stage surgery , 188  
 bilateral neck dissection , 193  
 bone-guided regeneration , 188  
 cancer patients , 165  
 complementary radiation therapy , 198  
 cylindrical hydroxyapatite-coated 

impacted implants , 166  
 disadvantages , 176  
 extraoral implants , 178  
 in fi bula fl ap , 193  
 fi bula fl ap with sagittal split 

osteotomy , 184  
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 fi xed screw-retained hybrid prosthesis , 192  
 functional reconstruction , 164  
 goniac angle symmetry , 185  
 healing mild bone regeneration , 191  
 healing period , 188  
 hybrid fi x screw-retained 

“ad modum Bránemark” , 182  
 hyperbaric oxygen , 178  
 implant retained and supported 

 overdenture , 189  
 implant-supported and 

implant-retained , 165  
 intraoperative view , 183  
 irradiated peri-implant mucosa , 189  
 lateral non reconstructed mandibular 

defects , 196  
 lateral view , 186  
 left mandibular ameloblastoma , 183  
 left nasolabial fl ap scar , 182  
 mandibular fi xed screw-retained hybrid 

prosthesis , 195  
 mandibular fracture , 198  
 master cast , 194  
 metallic framework passive fi xation , 197  
 metal-porcelain structures , 167  
 microsurgical bone fl aps , 166  
 microsurgical grafts , 165  
 microsurgical reconstruction and 

 conventional , 164  
 mouth resection, clear margins and 

bilateral neck dissection , 181  
 mouth squamous cell carcinoma , 180, 187  
 occlusion , 186, 189  
 orthopantomogram , 181, 185  
 orthopantomography , 194  
 osseodental unit , 164  
 osseointegrated implants , 164  
 patient with prosthesis , 195  
 peri-implant bone loss , 190  
 PET/TC bilateral positive cervical node 

hipercaptation , 180  
 postoperative view , 185  
 preoperative PET/CT positive image, left 

lung apex , 181  
 primary implants , 177  
 prosthesis in cancer patients , 170–172  
 prosthodontic rehabilitation , 175–176  
 quality of life , 177, 179  
 radiated nonreconstructed patient, 

SCC , 198  
 radiation therapy , 172–175  
 radiotherapy tooth extraction, general 

anesthesia , 187  
 771 RBM-coated implants , 166  
 RBM external hexagon implants , 191  

 retrieving implants in radiated bone , 191  
 rough RBM implants , 179  
 secondary implants , 178–179  
 semiadjustable articulator , 201  
 smooth machined, rough/very rough 

surfaces , 197–199  
 tumor resection entails , 164  
 tumors in right mandibular area , 196  
 vertical and horizontal distraction 

osteogenesis , 165  
 working method , 198–199  
 xerostomia , 169  

   Distant pedicle fl aps , 86–87  
   Distraction osteogenesis 

 bone malformations treatment , 6  
 bone transfer , 6  
 complications , 71  
 epidermoid carcinoma , 71  
 facial bones , 71  
 fi nal occlusion , 71, 73  
 maxillary defects reconstruction , 71  
 MG osseous implants , 71, 73  
 microsurgical fi bular fl aps , 6  
 OPT during latency period , 71, 73  
 resection , 71, 72  
 separation, distractor , 6  
 starting distraction , 71, 72  
 surgical procedure , 71  

    E 
  Epidermoid carcinoma , 71  

    F 
  Facial nerve 

 anatomical relationship , 150  
 anatomy , 132  
 buccal branch , 131  
 clinical and psychological impact , 203  
 contralateral , 215  
 cross-facial nerve grafting , 212–213  
 direct masseter , 206  
 extracranial , 206  
 frontal branch , 131  
 hypoglossal-facial nerve anastomosis , 

209–211  
 iatrogenic lesions , 204  
 intramastoid area , 207  
 marginal branch , 157  
 masseteric-facial nerve anastomosis , 

211–212  
 poorly vascularized tissue , 208  
 sternocleidomastoid myocutaneous 

fl ap , 139  
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   Facial paralysis 
 cross-facial nerve grafting , 212–213  
 direct suture with/without interposition 

graft , 207–208  
 etiology , 204  
 hypoglossal-facial nerve anastomosis , 

209–211  
 levator muscles , 204  
 masseteric-facial nerve anastomosis , 

211–212  
 microvascular muscle fl aps , 215–217  
 patient’s quality of life , 203  
 surgical approach , 204–207, 218  
 temporalis muscle , 213–214  
 temporalis myofascial fl ap , 131  

   Fibula fl ap 
 ablative resection , 10, 12  
 advantages and disadvantages , 9  
 characteristics , 9  
 defi nitive occlusion , 10, 14  
 dental prosthesis and occlusion , 10, 11  
 dissection , 10, 11  
 immediate postoperative reconstruction , 

10, 13  
 indications , 9–10  
 intraoperative design , 10, 13  
 long thin non-weight-bearing bone , 8  
 mandibular tumor (ameloblastoma) , 10  
 postoperative view , 10, 12, 14  
 preoperative OPT , 10, 11, 13  
 with reconstructed plate , 31, 34  

   Final occlusion , 15, 17, 20  
   Free fl ap 

 lateral arm , 126  
 medial sural , 126  

    G 
  Gracilis muscle fl ap , 217  

    H 
  Head reconstruction.    See  Cranio-facial 

resection 
   Hybrid fi x screw-retained “ad modum 

Bránemark” fi nal occlusion , 182  
   Hypoglossal-facial nerve anastomosis , 

209–211  

    I 
  Iliac crest fl ap 

 advantages , 65–66  
 anatomical characteristics , 15  

 deep circumfl ex artery , 65  
 deep circumfl ex iliac artery , 14  
 defect after ablative surgery , 15, 16  
 dental rehabilitation , 65  
 fi nal occlusion , 15, 17, 20  
 indications , 15  
 intraoperative reconstruction , 15, 17  
 intraoperative view, reconstruction , 

66, 67  
 maxillary squamous cell 

carcinoma , 66  
 with MG osseous implants , 15, 19  
 nasolabial fl ap , 18, 20  
 OPT postoperative control , 66, 67  
 perforators , 15  
 postoperative , 15, 17, 18, 20, 55, 58  
 preoperative , 15, 16  
 squamous cell carcinoma resection with 

cervical dissection , 18, 19  
 surgical defect , 60, 66  
 tumor resection , 15, 16  
 type II and IIIA defects , 65  
 venous drainage , 15  

   Intraoral reconstruction , 134  

    L 
  Latissimus dorsi fl ap 

 disadvantages , 119  
 indications , 119  
 large defects , 119  
 morbidity , 119  
 postsurgery image , 119, 122  
 presurgical planning , 119  
 reconstruction, intraoral and 

oropharyngeal defects , 119  
 reconstruction, chest wall 

defect , 119  
 rehabilitation , 119  
 resection design , 119, 120  
 right auricular basal cell carcinoma , 

119, 120  
 specimen , 119, 121  
 surgical defect , 119, 121  
 tissue transfer , 119  
 vascular pedicle , 119  

   Latissimus dorsi myocutaneous fl ap 
 complications , 138  
 head and neck reconstruction , 135  
 indications , 136–138  
 vascularization , 136  

   Local fl aps.    See  Bichat fat pad 
   Local nasolabial fl aps in head and neck 

reconstruction , 165  
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    M 
  Mandibular reconstruction.    See also  Condyle 

reconstruction; Microvascular fl aps; 
Pedicle fl aps 

 advancement fl aps , 2  
 alloplastic materials , 4–5  
 angiosome , 2  
 bone grafts , 3–4  
 CAD/CAM systems , 30  
 computer-assisted surgery , 30  
 devices manufacture , 2  
 distraction osteogenesis , 5–6  
 fi bula free fl ap with reconstructed 

plate , 31, 34  
 intraoperative reconstruction , 31, 34  
 mechanical resistance and forces , 2  
 microvascular fl aps , 8  
 navigation systems , 30  
 oral and maxillofacial surgery , 30  
 postoperative view , 31, 34  
 preoperative view , 31  
 primary  vs.  secondary , 6–7  
 restoration of functions , 2  
 stereolithographic model with adapted 

plate , 31, 33  
 surgical guided resection , 31, 33  
 virtual planning , 31, 32  

   Mandibular tumor (ameloblastoma) , 10  
   Masseteric-facial nerve anastomosis , 211–212  
   Maxilla reconstruction.    See also  Distraction 

osteogenesis; Maxillectomy; 
Microvascular free fl aps; Regional 
pedicle fl aps 

 advantages of 
 delayed , 41  
 immediate , 41  

 cosmetic structures , 40  
 disadvantages , 41  
 facial skeleton , 40  
 local fl aps , 44–45  
 objectives , 40  
 obturators , 41, 43–44  
 stomatognathic system , 40  
 symptoms , 40  
 treatment of , 40  

   Maxillectomy 
 benign and malignant tumors , 41  
 2010 Brown classifi cation , 42–43  
 maxilla resection , 41  

   Microsurgery, soft tissue defects 
 age , 105  
 baseline status , 105  
 donor-site defect , 106  
 and free fl aps , 104  

 history of surgery/injury , 105  
 length and caliber, vascular fl ap , 106  
 location , 105–106  
 postsurgical fi brosis , 106  
 proximity, vascular structures , 106  
 radiation therapy/chemotherapy , 106  
 reconstruction by phases , 107  
 size , 106  
 three-dimensional nature , 106  
 transformation tissue , 106  
 vascular factors , 105  
 vascular systems , 106  

   Microsurgical free fl aps 
 rectus abdominis fl ap , 55  
 scapular fl ap , 68  

   Microvascular fl aps 
 ALT , 110–114  
 anastomosis , 89  
 anterolateral thigh , 90  
 fi bula   ( see  Fibula fl ap) 
 iliac crest   ( see  Iliac crest fl ap) 
 internal jugular vein , 90  
 lateral arm , 126  
 latissimus dorsi , 90    ( see also  Latissimus 

dorsi fl ap) 
 medial sural , 126  
 microsurgery , 8  
 omentum , 90–91, 122–125  
 plates and free fl aps , 8  
 radial fasciocutaneous forearm , 90  
 radial forearm   ( see  Radial forearm 

fasciocutaneous fl ap) 
 radial osteofasciocutaneous fl ap , 8  
 reconstruction, cranio-orbital region , 89  
 rectus abdominis   ( see  Rectus abdominis 

fl aps; Rectus abdominis myocutane-
ous fl ap) 

 scapular   ( see  Scapular fl ap) 
 temporal vessels , 89  
 three-dimensional versatility , 89  

   Microvascular free fl aps.    See also  Iliac crest 
fl ap; Osteofasciocutaneous fi bula 
fl ap; Radial forearm fasciocutane-
ous fl ap; Rectus abdominis fl aps 

 computer-assisted primary 
reconstruction , 55  

 extensive composite defects , 55  
 problems , 55  
 prosthodontic treatment , 54  
 reconstructive surgeon , 54  
 scapular , 68–70  
 Microvascular muscle fl aps , 215–217  

   Middle face reconstruction.    See  Maxilla 
reconstruction 
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   Mouth squamous cell carcinoma , 180  
   Muscle fl ap.    See  Pectoralis myocutaneous 

fl aps; Temporalis muscle fl aps 
   Muscle transfer , 213–214  

    N 
  Nasolabial fl ap , 18, 20  

 complications , 148  
 indications , 146–147  
 prosthesis in patient , 182  
 reconstruction , 146  
 vascularization , 146  

   Nerve graft 
 auricular , 206, 210  
 cross-facial , 209, 212–213  
 tunnel sural , 211  
 vascularized , 208  

    O 
  Obturators 

 description , 41  
 disadvantages , 43  
 midface retraction , 43, 45  
 oroantral and oronasal 

communication , 43  
   Occlusion , 186, 189  

 buccinator fl ap , 149  
 dentulous patients , 132  
 fi xed prosthesis , 172  
 radiated nonreconstructed patient , 198  
 teeth and bone and rehabilitation , 164  

   Omentum fl ap 
 adaption, defect , 123, 125  
 dermal graft , 123, 125  
 harvesting , 123, 124  
 indications , 122  
 morbidity , 123  
 multiple basal cell carcinoma , 123  
 postoperative images , 123, 125  
 presurgical planning , 123  
 reconstruction, scalp defect , 119  
 surgical defect , 123, 124  
 surgical specimen , 123, 124  
 tissue transfer , 123  
 vascular pedicle , 122  

   Orbit repair , 88  
   Osseointegration 

 adjuvant radiation therapy , 166, 167  
 in cancer patients , 172–175  
 hydroxyapatite-coated impacted 

implants , 170  
 master cast , 194  

   Osteofasciocutaneous fi bula fl ap 
 advantages , 59  
 after dental rehabilitation , 59, 62  
 bilateral maxillectomy , 59, 63  
 Brown type II defects , 59  
 contouring , 59, 63  
 dental prosthesis , 59, 64  
 early postoperative image , 59, 61  
 fi bula free fl ap , 59, 61  
 mandible reconstruction , 55  
 and MG osseous implants 

reconstruction , 59, 64  
 OPT control , 59, 61  
 periosteal supply , 59  
 postoperative views , 59, 64  
 preoperative CT , 59, 60  
 reconstruction , 59, 63  
 surgical defect , 59, 60, 62  
 surgical specimen , 59, 60  

    P 
  Palatal fl ap 

 complications , 152–153  
 description , 151  
 indications , 151  
 vascularization , 151  

   Paralysis.    See  Facial paralysis 
   Parascapular osteomyocutaneous fl ap , 21  
   Parry–Romberg syndrome , 122  
   Pectoralis major fl ap , 8, 45  
   Pectoralis myocutaneous fl aps 

 complications , 135  
 head and neck defects , 132  
 indications , 133–134  
 vascularization , 132  

   Pedicle fl aps 
 pectoralis major fl ap , 8  
 soft tissue defects , 7  
 trapezius osteomyocutaneous fl ap , 7, 24–28  

   Pericranial/combined fl aps 
 anterior skull base surgical defect , 85, 86  
 coronal approach , 85  
 coverage , 85, 86  
 repair, dura mater , 85  
 small defects, anterior cranial fossa , 85  

   PET/TC bilateral positive cervical node 
hipercaptation , 180  

   Platysma myocutaneous fl ap 
 complications , 151  
 description , 150  
 indications , 150  
 postsurgical recommendations , 150–151  
 vascularization , 150  
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   Prosthesis 
 in cancer patients , 170–172  
 dental rehabilitation , 164  
 fi xed hybrid metal-resin , 167  
 fi x screw-retained hybrid , 181, 192  
 implant-supported , 146  
 lateral non reconstructed mandibular 

defects , 196  
 left nasolabial fl ap scar , 182  
 and master casts , 197  
 primary implants, disadvantages , 176  
 small acrylic fl anges , 194  

    R 
  Radial forearm fasciocutaneous fl ap 

 advantages , 110  
 arterial pedicle , 107  
 bone defect reconstruction , 65  
 burns treatment , 65  
 free skin graft , 108  
 head and neck , 107  
 indications , 107  
 intraoperative clinical outcomes , 

108, 109  
 left antebrachial , 108, 109  
 maxillary reconstruction , 65  
 morbidity , 108  
 mouth and ventral tongue SCC , 108  
 presurgical planning , 107–108  
 surgical specimen , 108, 109  
 tissue transfer , 108  
 vascular pedicle , 65  
 venous pedicle , 107  

   Radiation therapy 
 microrough Astrar implants , 170  
 necrosis , 153  
 osseointegration , 166, 167, 173, 174  

   Ramsay Hunt syndrome , 204  
   Rectus abdominis fl aps 

 Brown type IVA , 55  
 calvarian bone , 90, 94  
 fl ap at face, position of , 55, 67  
 harvesting , 55, 57  
 intraoral aspect of reconstruction , 55, 58  
 invasion, anterior fossa and frontal bone , 

90, 91  
 musculocutaneous fl ap , 55–59  
 orbito-ethmoidal right tumor , 90, 91  
 postoperative image , 90, 93  
 postoperative view , 55, 58  
 specimen , 55, 56, 90, 92  
 surgical defect , 55, 56, 90, 92  
 tumor, MRI image , 55  

   Rectus abdominis myocutaneous fl ap 
 deep inferior epigastric artery and 

vein , 115  
 indications , 115  
 intraoral postoperative image , 115, 118  
 morbidity , 115  
 perforator , 115  
 postoperative anteroposterior image , 

115, 118  
 preoperative MRI , 115, 116  
 presurgical planning , 115  
 prevent hernia , 115  
 procedure , 115, 117  
 reconstruction, head and neck , 113, 115  
 squamous cell carcinoma, tongue , 115, 116  
 surgical defect , 115, 117  
 tissue transfer , 115  
 total glossesctomy and bilateral neck 

dissection , 115, 117  
 vascular pedicle , 115  

   Regional pedicle fl aps.    See also 
 Cervicopectoral fl ap; Temporalis 
muscle fl aps; Temporoparietal 
fascial fl ap with parietal bone fl ap 

 buccinator fl ap , 46  
 fl ap survival , 45  
 midface reconstruction , 45  
 pedicle fl aps , 46  

    S 
  Scalp fl aps 

 distant pedicle , 86–87  
 mucosal , 84–85  
 pericranial , 85, 86  
 temporalis   ( see  Temporalis muscle fl aps) 

   Scapular fl ap 
 advantages and disadvantages , 68  
 characteristics , 21  
 circumfl ex artery , 21  
 contralateral scapula , 22  
 design , 68, 69  
 disadvantages , 21  
 dissection , 22  
 indications , 21  
 intraoperative view , 68, 70  
 intraoral postoperative view , 68, 70  
 mandible tumor , 22  
 and parascapular osteomyocutaneous , 21  
 preoperative CT , 68  
 reconstruction , 21  
 soft tissue , 66  
 soft tissue mobility , 21  
 surgical defect , 68, 69  
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   Soft tissue defects, head and neck 
 anatomical structures , 104  
 fl aps   ( see  Microvascular fl aps) 
 microsurgery   ( see  Microsurgery, 

soft tissue defects) 
 procedure , 104  

   Sternocleidomastoid muscle , 141  
   Sternocleidomastoid myocutaneous fl ap 

 complications , 141–142  
 description , 138–139  
 indications , 139–140  
 vascularization , 139  

   Submental fl ap 
 complications , 155, 157  
 description , 153  
 indications , 154–155  
 vascularization , 153  

   Surgical guided resection 
 of fi bula fl ap , 31, 33  
 at mandibular tumor , 31, 33  

    T 
  Temporalis muscle fl aps 

 advantages , 46  
 anteroposterior postoperative , 86, 89  
 arteries , 46  
 complications , 132  
 coronoid process , 85–86  
 defi nitive occlusion , 47  
 description , 130  
 fi lling, orbital cavity , 86, 89  
 functional rehabilitation , 47  
 indications , 131  
 internal maxillary artery , 85  
 intraoperative reconstruction , 86, 88  
 obliteration, orbital cavity after 

 exenteration , 85  
 orbital defect after exenteration , 46  
 palatal reconstruction after IA 

 maxillectomy , 47  
 postoperative view , 47–49  
 prosthesis , 47, 48  
 prosthetic rehabilitation with dental 

implants , 47, 48  
 small to medium anterolateral 

defects , 85  

 squamous cell carcinoma, left orbitary 
region , 86, 87  

 submucosal neovascularization , 47  
 surgical defect , 86, 87  
 surgical specimen , 86, 88  
 vascularization , 130  

   Temporalis muscle transfer , 213–214  
   Temporomandibular joint (TMJ) 

 condyle reconstruction , 29  
   Temporoparietal fascial fl ap with 

parietal bone fl ap 
 advantages and complications , 50  
 early postoperative intraoral view , 50, 51  
 external ear and upper eyelid 

 reconstruction , 49  
 myofascial fl ap 

 harvest , 50  
 mucosalization of , 50, 51  

 postoperative view , 49, 51  
 techniques , 49  

   TMJ.    See  Temporomandibular joint (TMJ) 
   Trapezius osteomyocutaneous fl ap 

 acromion and scapular spine , 26  
 advantages , 26  
 dental rehabilitation , 26, 28  
 description , 24  
 fi nal occlusion , 26, 28  
 mandibular reconstruction , 7  
 mixed anterior and lateral defect , 25  
 myocutaneous fl aps , 24  
 osteomyocutaneous , 26, 27  
 postoperative anteroposterior view , 26, 28  
 symphyseal and lateral defect , 25  
 tumor dissection , 26, 27  
 vascular pedicle , 25  
 venous anatomy , 25  

   Tumor dissection, trapezius 
 osteomyocutaneous fl ap , 26, 27  

   Tumor resection , 15, 16  

    V 
  Vascular pedicle , 130  
   Virtual planning 

 defect , 31, 32  
 reconstruction with fi bula free fl ap , 31, 32  
 resection , 31         

Index

Dentlearn.ir


