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Abstract 

Segmental resection of the mandible may be indicated for 

various reasons including ablation of malignant or benign 

tumours, trauma or atrophy and can lead to significant 

morbidity with resultant loss of form, function and 

aesthetics such as facial contour disfigurement, loss of lip 

support, malocclusion and impaired functions such as 

speech, swallowing and saliva retention. To reconstruct 

such kind of osseous defects numerous options are 

available among them free fibula graft is a reliable option 

because it helps  to restore both the mandibular and facial 

contour and also provides the necessary density and 

stability for dental implant placement. The possibility of 

placing end osseous dental implants in the reconstructed 

areas permits us to overcome the problems related to 

dental rehabilitation with removable prostheses. Free 

fibula transfer and application of immediate or delayed 

end osseous implants has significantly improved the 

quality of life of a significant number of patients. Careful 

patient selection within a multidisciplinary team can help 

to identify patients who are likely to be benefitted from 

these procedures. 

Keywords: Segmental resection, free fibula, immediate 

implantation, delayed implantation, prosthetic 

rehabilitation 

Introduction 

Segmental resection of the mandible may be indicated for 

various reasons including ablation of malignant or benign 

tumours, trauma or atrophy and can lead to significant 

morbidity with resultant loss of form, function and 

aesthetics. Resection leads to the loss of the alveolar and 

basal jawbone and the involved teeth, causing significant 
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impairment of mastication.1 The advent of microvascular 

free flaps has provided a reliable and predictable means to 

restore complex bony and soft tissue defects. Numerous 

options are available for reconstruction, but the free fibula 

flap has become the workhorse vascularized graft for 

composite or segmental defects in the maxilla and 

mandible. It is considered to be the gold standard because 

of its reliable vascular supply, versatility, predictability, 

and potential to be harvested as an osseous, myo-osseous, 

or osteocutaneous flap.2–4 Moreover, the fibula has 

favourable bone quantity and quality with an increased 

amount of cortical bone content to reduce resorption.  It 

also can receive and integrate dental implants to facilitate 

prosthetic rehabilitation. Sumi et al.5 have validated the 

fibula as a recipient site for dental implants. The 

possibility of placing dental implants in the reconstructed 

areas permits us to overcome the problems related to 

dental rehabilitation with removable prostheses.6 In many 

instances, a simple prosthesis can be used but these 

prostheses are not functional because they take support 

from the remaining teeth and are not rigidly fixated to the 

reconstruction. In completely edentulous patients, 

restoration of oral functions is not possible. The use of 

endosseous osseointegrated implants is the only option for 

optimised aesthetic and functional outcome.7 

Surgical and Prosthetic Phase –  

Surgical phase 

The placement of the dental implants into the fibula has to 

be done prior to complete closure osteotomies,  so that it 

can allow  for a long linear segment of bone that does not 

show any rotation under the torque of dental implant 

delivery. Placing the endosseous implants are better while 

the fibula is still pedicled to the leg for minimizing 

ischemia time. A periosteal dissection along with 

periosteal reflection is not done to maximise the blood 

supply. So the Implants are placed in a flapless technique 

for preventing periosteal stripping and decrease the risk of 

devascularisation followed by failure of the free fibula 

flap. Reconstructive and implant-prosthetic planning can 

be done in two steps, 1) Reconstruction planning which 

allows to identify the best positioning of the bony flap for 

good morphological as well as prosthetic results. 2) 

Implant placement planning to determine the proper 

position and number of the proposed implants with the use 

of data gained from CT scan and computer aided design 

(CAD) software.  Implant placement can be done at the 

time of surgery, or after surgery under local anesthesia. In 

cases where radiation therapy is given, implant placement 

has to be delayed for 13–20 months after the completion 

of radiation therapy.8 Ablative defects with significant soft 

tissue deficit may require a skin paddle to reconstruct 

adequately. This causes a problem to load dental implants 

immediately because the bone and prosthesis interface is 

made up of mobile skin. This makes the prosthesis and 

peri-implant region difficult to clean. The prosthesis may 

compress the skin sometimes, which often leads to 

necrosis because the skin paddle usually is too thick in 

most patients for it to provide acceptable peri-implant 

results. Alternatively, Jaw in a Day is limited to using an 

osseous fibula flap with no major soft tissue component. 

The native oral mucosa, preferably with keratinized 

gingiva, should be present to allow primary closure over 

the bone flap.  

The osteotomies should be slightly over prepared, paying 

close attention to widening the cortices with the final drill. 

Fibula bone does not expand or compress as well as native 

jaw bones, and over-torqueing implants can result in stress 

risers developing in the fibula bone, possibly leading to 

fibula fracture or subsequent crestal bone loss. After the 

final implant osteotomy is completed, it should be 

irrigated thoroughly and inspected for the presence of soft 

tissue and other debris.9 Placing dental implants into 
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fibula bone is similar to placing implants in to dense type 

1 mandible. Following manufacturer guidelines for dense 

bone implant placement is helpful.8The implants are then 

screwed into the bone and hand-torqued to the appropriate 

value. The implants generally are placed at bone level or 

in part slightly supracrestal as the surface of the fibula is 

sloped. It is not uncommon to have 1 thread or 2 threads 

of the implant body exposed on the buccal side while the 

lingual side is at the bone level. Once the implant is 

placed, primary stability determined by the usual 

techniques. 

Prosthetic phase 

Implants has to be uncovered 5–6 months after placement. 

Before stage II surgery, a panoramic radiograph has to be 

taken to assess the bone level surrounding the implants 

and to check whether any  infection is present or not.  The 

implants are not to be immediately loaded. While placing 

the healing abutment, implant osseointegration has to be 

checked. After soft tissue healing, it will be possible to 

proceed with the prosthetic phase. Type of prosthesis has 

to be determined by knowing patients need, available 

space for restoration and number of implants.  Different 

types of prostheses which can be employed are: - RPD: 

Overdenture (bar-retained or O-ring-retained), given by 

Ferrario et al. (2004);  SFPD: Screw-retained prosthesis, 

given by by Ferrario et al. (2004); CFPD: Cement-retained 

prosthesis, given by Preiskel and Tsolka (1998).8 

Complications  can be categorised as: Prosthetic failure 

which requires removable or repair, abutment-prosthesis 

screw loosening necessiates re-tightening, and prosthesis 

fracture. In addition, patient satisfaction regarding both 

the aesthetics and function of the entire reconstruction was 

assessed using a questionnaire with five possible rating 

categories: (A) excellent/very good – the patient was 

entirely satisfied, and the prosthesis could not be detected 

with the tongue (seamless between dental prosthesis and 

the new alveolar process); (B) good – the patient was 

entirely satisfied, but the prosthesis could be detected with 

the tongue; (C) sufficient/satisfactory – aesthetic 

shortcomings and/or discomfort during chewing were 

reported, but a replacement was not necessary; (D) poor – 

the patient requested an improvement to be made to the 

prosthesis; and (E) unsatisfactory – the patient was 

completely dissatisfied and required a new prosthesis, but 

declined replacements of the same type or made with the 

same material (Hickel et al., 2010)8 

Discussion 

Mandibular resection secondary to malignant or benign 

causes, can lead to extensive composite defects, which 

result in loss of function, form and aesthetics leading to a 

dramatic loss in quality of life of the patient. Free tissue 

transfer followed by dental rehabilitation can the 

premorbid condition to some extent. Various donor sites 

have been used to obtain graft material for mandibular 

reconstruction, such as iliac flap, the scapula flap, the 

radial forearm flap, and the fibula flap. Among these 

alternatives, the fibula free flap has demonstrated high 

reliability, adaptability and has seen encouraging 

functional, aesthetic, and survival rate outcomes in 

reconstruction of maxillo-mandibular defects in the last 

few decades. This flap was popularized by Hidalgo2 and it 

has been demonstrated to be very reliable for the 

reconstruction of mandibular defects following ablation of 

benign or malignant tumours, osteonecrosis, osteomyelitis, 

traumas or atrophy (Mücke et al., 2009; Bianchi et al., 

2009, 2011).10,11 The long and reliable vascular pedicle 

and the possibility of multiple osteotomies allows accurate 

adaptation of the bone flap to the native bone quite 

precisely, with an ultimate satisfying reconstruction of the 

facial contour (Chiapasco et al., 2006; Disa and Cordeiro, 

2000; Ferrari et al., 1998).1,7,12In cases of composite soft 

tissue and osseous defects, a skin paddle in association 
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with the fibular bone segment can be used for 

reconstruction of both intraoral and extra-oral soft tissue 

defects (Disa and Cordeiro, 2000; Ferrari et al., 1998; 

Hayter and Cawood, 1996).7,12,13The donor site morbidity 

is limited and most patients are not troubled by their 

symptoms (Nocini et al., 1998).14 The fibula free flap has 

been demonstrated to be very suitable for both immediate 

and delayed prosthetic rehabilitation with 

implant-supported prostheses (Kildal et al., 2001; Jaquiéry 

et al., 2004; Roumanas et al., 1997).15,16,17 Fibula is a 

tubular bone with sufficient width and height to place 

implants, bicortical purchase during implant placement to 

facilitate osseointegration is an additional advantage 

(Hayter and Cawood, 1996).13 Insufficient height of the 

fibula can sometimes hinder the insertion of dental 

implants as its height is rarely greater than 14 cm 

(Chiapasco et al., 2006; Smolka et al., 2008).1,6 Wu and 

colleagues reported a decrease in success rate with time 

with 1-year and 5-year implant success rate of 95% and 

87% respectively. Infection, tumour recurrence and soft 

tissue proliferation accounted for the majority of failures 

in their series(Wu, 2008).18 Their study was confirmed by 

Granström  in 631 implants.19  Chiapasco et al. followed 

16 patients with implants and implant supported 

prostheses for a mean of 50 months and determined that 

the implant success and survival rates were 98.6% and 

93.1% respectively (Chiapasco, 2006).1 Teoh et al.20 

report survival rates of 97.0%, 97.0% and 79.9% at 1, 5 

and 10-years follow up, respectively. On fibula flaps, 

longer implants allow bicortical anchorage which seems to 

be a positive factor for success due to increased stability.21 

Foster22 states that implantation in fibula is overall 

successful and observes complete osteointegration in 99% 

of cases, up to 100% in irradiated bone. For Roumanas,17 

the implant survival rate in fibula flap is 94.6%, whereas 

Chiapasco et al.1 report more nuanced results with 98.6% 

implant success and 93.1% survival rate. Some authors 

prefer not to differentiate between osseointegration and 

implant survival. Sclaroff et al.21 report 97.5% 

osseointegration and 88% implant survival after loading. 

The overall success rate is also influenced by post-

operative radiotherapy; Urken et al., reoprted a 92% 

overall success rate without irradiation, 86% with post 

implantation radiotherapy and 64% with preimplantation 

radiotherapy.4 According to Colella et al.,22 no increased 

failure rate is expected for radiation doses under 45 Gy. 

Other authors6 observe early complications only in 

irradiated bone. A 6-week lag time should be considered 

between surgery and the beginning of radiotherapy so as 

to not compromise osseointegration.4 

Urken et al.4  were the first to propose primary 

rehabilitation with implantation at the same time as 

reconstruction. Similarly, Sclaroff et al.21 proposed a one-

step reconstruction procedure with the graft harvest and 

the implantation performed in the same sitting, A period 

of 6 months was given for healing followed by the 

placement of the abutments after 4 weeks and finally 

followed by the prosthetic stage. 

De Santis et al.23 proposed a two-step protocol of delayed 

implantation with reconstruction in the first sitting the 

implantation performed after a waiting period of 6 

months. Primary implantation reduces rehabilitation time 

in oncologic patients and therefore is associated with an 

earlier recovery and better quality of life. Theoretically, 

the rate of success of primary and secondarily placed 

implants are comparable. When implanting at the same 

time as that of mandibular reconstruction, the implant 

topography should be determined after the bone graft is 

temporarily fixed with the native bone.24 Implantation 

sites should be free and not interfered with the screws 

used to stabilize the bone. The implant-to-prosthesis axis 

angle should not exceed 15 degrees.24 However, 
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immediate placement of the implants may add to certain 

complications like compromising the bone viability 

leading to bone necrosis, lengthening the operative 

procedure or resulting in implant malposition.7 Moreover, 

implantation at the same time as the reconstruction is 

technically challenging as the angulation and position of 

implant placement, graft placement, prosthetic outcome 

and the condition of soft tissues must all be considered. 

Some authors report that primary procedures results in a 

less precise implant  placement, associated with the 

impossibility to place an implant retained denture.25 The 

main indications for this one stage procedure remain 

benign and low-grade tumours, and small defects on the 

body of the mandible.24,26,27 

When delayed implant placement decided, a time gap of at 

least 6–12 months should be provided after the grafting, 

when bone remodelling and muscle healing are complete.1 

Some authors consider that bone remodelling is most 

critical during the first 6 months after bone grafting.29 This 

waiting period makes implant placement safer and ensures 

success reducing implant failure resulting from inadequate 

placement and infection. Moreover, initial treatment with 

a conventional prosthesis, when possible, allows the 

clinician to assess the functional status of the patient prior 

to recommending implant placement as a definitive 

treatment plan. It also allows for the tissues to heal and 

revascularize completely resulting in a disease-free period 

before the initiation of extensive dental procedures take 

place.28Advantages of a delayed implantation are: to be 

able to select fit, well-motivated and overtly disease-free 

patients and enough time to plan the procedure in 

consolidated jaws, with bone contouring and soft tissue 

surgery performed at the same operation (Hayter and 

Cawood,1996).13 
 

The prognostic factors for implant survival are the 

pathology itself, the extent of bone and soft tissues 

surgical defects, the type of flap harvested and post-

operative radiation therapy. Ferrari et al12 observed higher 

failure rates in patients reconstructed after malignant 

tumour resection, in presence of Class III-IV bone defects 

and composite defects of both hard and soft tissue 

involvement, when an osteocutaneous flap was used and 

in patients who underwent implant placement in irradiated 

bone.  

The poorer implant prognosis were due to the effects 

produced by radiotherapy on both hard and soft tissues: 

mucositis, xerostomia, reduced vascularity of soft tissues 

with impaired resistance to infection and reparative 

fibrosis and production of hypocellular, hypovascular and 

hypoxaemic tissue on bone, with potential development of 

osteoradionecrosis (Hayter and Cawood, 1996; Hundepool 

et al., 2008).13,30 To reduce the risk of failure several 

authors (Hayter and Cawood, 1996)13 recommend a 

recovery period of at least 12 months following irradiation 

before attempting implantation. In the study by Ferrari et 

al.12, early or late complications due to the reconstruction 

or to the implant placement were observed in 7 patients 

(50%). Smolka et al. (2008)6 reported early complications 

in 41.5% of cases and late complications in 38.2%. 

Following dental rehabilitation close follow-up is 

mandatory to prevent restorative failures that may develop 

as a result of infection and inflammation such as peri-

implantitis, soft tissue problems and late implant failures. 

Since the purpose of oral rehabilitation includes restoring 

the aesthetic and functional aspects to the pre-morbid 

condition, an analysis of nutrition, speech, oral 

competence and facial appearance perception is essential 

during the follow-up. Iizuka et al. (2005)31 in his study 

showed that the persistence of functional deficits was 

observed in only a minority of the patients examined. The 
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quality of life is dramatically improved by either the 

primary or delayed rehabilitation treatments in patients 

undergoing segmental resection of mandible.32 Despite 

good results, continuous improvements should be done to 

increase the functionality of the implants and of the 

prosthesis. Advanced medical imaging and computer-

assisted navigation surgery might help improve the 

surgical technique.  In the future, regenerative therapy can 

revolutionise the treatment options. Bone Morphogenetic 

Proteins (BMP-7) could be used for the reconstruction of 

major mandibular defects as it has been shown to enhance 

peri-implant osseointegration and bone regeneration.33 

Conclusion 

Rehabilitation of patients undergoing segmental 

mandibular resection after free flap transplantation can be 

challenging. Free fibula transfer and application of 

immediate or delayed endosseous implants has 

significantly improved the quality of life of a significant 

number of patients. Careful patient selection within a 

multidisciplinary team can help to identify patients who 

are likely to be benefitted from these procedures. 
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