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bstract

he fibular free flap, with or without a cutaneous component, is the gold standard for reconstructing mandibular defects. Dental prosthetic
ehabilitation is possible this way, even if the prosthesis-based implant is still a challenge because of the many anatomical and prosthetic
roblems. We think that complications can be overcome or reduced by adopting the new methods of computed tomography (CT)-assisted

mplant surgery (NobelGuide®, Nobel Biocare AB, Goteborg, Sweden). Here we describe the possibility of using CT-guided implant surgery
ith a flapless approach and immediate loading in mandibles reconstructed with fibular free flaps.
2010 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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he osseous free-flap, with or without a cutaneous compo-
ent, has become the gold standard for the reconstruction of
andibular defects. Among the alternatives, the fibular free
ap1 has shown itself to be both reliable and adaptable in the
econstruction of the mandible, because of its length, long
ascular pedicle, and ability to be cut to follow the shape
f the interrupted mandible. Dental prosthetic rehabilitation
the ultimate goal of treatment) is possible with it, even if
rosthesis-based rehabilitation is still a challenge because of
he many anatomical and prosthetic problems.

Insufficient bony height and inadequate mechanical reten-

ion of the prosthesis during function, altered soft tissue,
erostomia (regularly seen in irradiated patients) that reduces
he vacuum effect between dentures, and underlying immo-
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ile soft tissue, are all problems. Additionally, irradiated
ucosa is often unable to tolerate the friction created by

n acrylic base. A prosthesis fixed to an implant that can-
ot be removed by the patient is the best solution for dental
ehabilitation with fibular free flaps.2–6

Individually, implant-based dental restorations in patients
hose reconstruction was with fibula flaps confer many ben-

fits such as sufficient stabilisation of the prosthesis (even in
atients with irregularities of the hard and soft tissues), the
ossibility of compensating for smaller local soft tissue defi-
iencies, and an improved aesthetic result (by supporting the
ip profile). Functional aspects, such as chewing, swallowing,
nd speech, are preserved much better than with conventional
entures. Implants also reduce the load on the soft tissues and
he risk of mechanical irritation with consequent ulceration
nd discomfort.

Unfortunately when an implant-based prosthesis is
lanned for rehabilitation there are problems to be over-

ome. First, the placement of the implants, which is usually
asy, may encounter difficulties: the limited opening of the
car-contracted oral cavity; the huge amount of soft tissue

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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overing the fibula, with little information about the profile
f the underlying bone that is necessary for harvesting; and
he need for limited bony exposure in a field that may well
ave been irradiated. Secondly, problems from scars and soft
issues impair the prosthetic procedures. Even taking impres-
ions using standard transfers for plasters can be difficult
nd lead to imprecise results. Thirdly, prosthetic guidance in
ositioning of implants is strongly recommended to achieve
ood functional results. The simple placement of implants
n a fibular free flap, followed by the referral of the patient
o a prosthodontist to make a fixed denture, can lead to dis-
ppointing results; loading the implants can be impossible if
he inclinations of the fixture do not reflect the actual skeletal
elations of the dental arches.

We think that these complications can be overcome, or at
east reduced, by adopting the new methods of computed
omography (CT)-assisted implant surgery (NobelGuide®,
obel Biocare AB, Goteborg, Sweden). This procedure,
hich is currently used to rehabilitate edentulous atrophic

aws,7–11 permits accurate placement of implants using a
apless technique, with the guidance of an acrylic surgical

emplate generated from preoperative CT. The position of
he implant, decided preoperatively on a virtual model of
he reconstructed mandible, is chosen with reference to the
rosthesis that has to be built. The virtual planning allows
ositioning of the implant precisely through a thick layer of
oft tissues using the computer-generated surgical guide, and
voids obstacles in the reconstructed bone such as screws or
steotomy sites.

In this paper we assessed the possibility of applying
T-guided implant surgery with a flapless approach and

mmediate loading to mandibles reconstructed with fibular
aps.

atient, methods, and result

uring the past three years we have successfully used implant
ehabilitation of fibular free flaps for microvascular recon-
tructions of the mandible with computer guided techniques
n selected cases (NobelGuide®, Nobel Biocare, Goteborg,
weden). The inclusion criteria were as follows: a good
rognosis after the tumour had been resected, no sign of recur-
ence, good oral hygiene, and a request from the patient for
rosthetic rehabilitation.

We report a case of mandibular reconstruction with fibu-
ar free flap to introduce this computer-assisted surgical and
rosthetic technique.

A 56-year-old man was operated on for an undifferen-
iated squamous cell carcinoma of the mandibular alveolar
rest and the anterior floor of his mouth. Resection of the
umour and bilateral selective neck dissection were followed

y immediate reconstruction with a right fibular free flap. The
sseomyocutaneous flap was modelled to match the morphol-
gy of the defect and fixed rigidly to the residual bone with
itanium plates and screws.
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After the reconstruction the patient was given adjuvant
adiotherapy because invaded lymph nodes were found in the
pecimen from the neck (T4N2BM0). He was followed up
very 3 months during the first postoperative year, and every
months during the second year, and had CT with contrast

very 6 months.
One year after irradiation (Fig. 1), he had dental rehabili-

ation with CT-guided implants, following the NobelGuide®

rotocol.

perative technique

fter informed consent had been obtained, impressions,
nitial photographs, and measurements with a facebow for
esthetic-functional evaluation, were taken.

Study models were mounted in a mean value articula-
or, and a diagnostic wax model was made. The patient was
hen evaluated functionally, aesthetically, and phonetically.
inally, a provisional denture was made.

The same denture was filled with radiopaque markers
gutta percha) as reference points, and used as a radiographic
uide. A silicone interocclusal record was made as a radio-
raphic index. A three-dimensional CT (Cone Beam CT,
aVo Dental GmbH, Biberach, Germany) was made to eval-
ate the shape and relations of the maxillary bones and to
lan the position of the implant.

In accordance with the NobelGuide protocol for the acqui-
ition of data, CT was taken twice: the first time with the
atient wearing the denture (radiological guide) and the radi-
logical index, and the second the denture alone. The CT
ata were transferred to the NobelGuide Procera software
or three-dimensional diagnostic and virtual implant planning
Fig. 2).

The final positions of five implants (Replace Tapered
roovy) were projected into the ideal positions for prosthetic

ehabilitation in accordance with the ideal dental position
f the radiological guide. The CT virtual implant planning
llowed the insertion of implants while avoiding screws and
he plate in the fibular flap. A restorative dentist skilled in
omputer-assisted placement of implants cooperated with the
urgical staff to plan the best position for the implant on the
econstructed mandible.

The software planning data were sent to Nobel Biocare
Goteborg, Sweden), where a surgical template was made
ith the guide implants in the positions planned virtually.
hen, based on the surgical guide and the model obtained
ith the planned positions of the implants, a metal and acrylic

esin provisional prosthesis was manufactured.
The patient was operated on under local anaesthesia

articaine chlorhydrate with adrenaline 1:100,000). He was
edated with diazepam (Valium 10 mg, Roche) preopera-

ively. Amoxicillin 875 mg and clavulanic acid 125 mg were
iven 1 h preoperatively and twice daily for 6 days there-
fter. An anti-inflammatory (ketoprofen 80 mg twice daily)
as given for 4 days postoperatively. Omeprazole 20 mg was
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Fig. 1. Intraoral picture

iven on the day of operation and then daily for 6 days. The
atient rinsed with chlorhexidine gluconate 0.2% for 1 min
efore the intervention.

The surgical template was oriented using a surgical index

tted to the opposing arch and fixed with anchor pins. Five
nchor pins were used to confer more stability to the template
ecause of the unfavourable anatomical structure of the floor

ig. 2. Computed tomographic virtual implant planning (Procera software).
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econstructed mandible.

f the mouth and the retruded lower lip. After the template
ad been placed, flapless implants were inserted (Fig. 3).
ive dental implants (Replace Tapered Groovy) were inserted
sing a torque of 35–45 N cm (Fig. 4).

The pedicle of the flap, located deep in the reconstructed
nterior lingual sulcus, was some distance from the planned
osition of the implants. Skin perforators and soft tissues
itality were not a problem, either for the flapless technique
r for the random peripheral vascularisation of the flap, by
ow well established (one year after reconstruction).

The prefabricated prosthesis was placed immediately,
lthough minor adjustments of occlusion were needed
Fig. 5). A postoperative orthopantomograph was done
mmediately postoperatively (Fig. 6), ice packs were pro-
ided, and a soft diet was recommended for a month.

The patient was enrolled in an implant maintenance pro-
ramme. Chlorhexidine gluconate mouthwash 0.2% was
rescribed for 1 min twice daily for 4 weeks. The patient was
iven instructions about oral hygiene, and examined weekly
or 3 months.

After six months, there was no relevant problem. The
atient reported that his quality of life, aesthetic appearance,
nd chewing function had improved.

iscussion

ince its introduction, the fibular free flap has become a rou-
ine procedure for the reconstruction of extended defects of
oth the mandible and maxilla.1 One of its advantages is
he option of harvesting the fibula as an osseomyocutaneous
ap, allowing the reconstruction of both hard and soft tissue
efects. Finally, the harvested fibula favours the placement of

mplants because of its diameter and the quality of its cortical
one.

Intraoral rehabilitation of the patient after mandibular
econstruction is directly influenced by the reconstructive
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Fig. 3. Intraoperative view of computed tomography-guide

urgical team’s knowledge of basic prosthodontic principles.
mandibular reconstruction procedure done without this

nderstanding may provide continuity of the mandible, but
ay leave the patient crippled, aesthetically and functionally.
When evaluating the patient for oral rehabilitation after

andibular reconstruction the dentist assesses the oral open-
ng; the relation of the reconstructed mandible to the maxilla
nd temporomandibular joints; the vestibular depth between
he tongue, mandible, and cheeks; the character of the sup-
orting tissue covering the reconstructed alveolar ridge; and
he function of the tongue. The reconstructed mandible must

e properly aligned with the maxilla in both the horizontal and
ertical planes, with adequate intermaxillary space to insert a
rosthesis. The tissue overlying the reconstructed mandible

o
a
s

Fig. 4. Postoperative view of computed tomography-guided
nt surgery: implant placement through the surgical guide.

hould be of proper consistency and thickness to resist abra-
ion and distribute the load placed by the prosthesis evenly
long the underlying bone.

After ablative and reconstructive surgery there is always
ome intermaxillary discrepancy and interference between
he tongue, floor of the mouth, lips, and reconstructed

andible. For these reasons, implant-based dental restora-
ion in patients whose reconstruction has been with fibular
aps has many benefits, such as stabilisation of the prosthe-
is, even in patients with marked irregularities of hard and
oft tissue anatomies. Only the prosthetic-guided insertion

f oral implants permits the preservation of good occlusion,
nd adequate function such as chewing, swallowing, and
peech. Finally, the implant-fixed prosthesis reduces the load

implant surgery: flapless insertion of five fixtures.
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Fig. 5. Prosthetic rest

n the soft tissues and the risk of mechanical irritation with
onsequent ulceration and discomfort.

The classic approach to patients with fibular free flaps is
ased on a radiological assessment, and surgical guides made
rom plaster casts, to allow adequate insertion of implants
rom a prosthetic perspective. Despite the ideal perspective,
he use of this type of surgical template does not permit
ccurate endosseous positioning of implants because of the
ifficulty in defining the position of the underlying bone pre-
isely without raising a flap, and the impossibility of fixing
he template to the bone once the thick musculomucosal flap
s raised. As these patients have often been treated with irra-
iation, large areas of bony exposure should be avoided,
educing the surgical view required for standard two-step
mplant surgery.

With CT-guided surgery the implants are positioned
xactly where planned virtually. Precise prosthetic guidance

f the positions of the implants is achieved with little room
or error when the computer-generated template is seated cor-
ectly and the anchor pins, five instead of the normal three,

b

t

Fig. 6. Panoramic postoperative view showing the prostheti
(immediate loading).

re fixed in the jaw in the correct positions. As a result it
s possible to avoid the removal of screws and plates and
o insert implants in segments of fibula with minimal bone
olume.

Another advantage of this technique is the option to place a
rovisional prosthetic restoration at the end of operation that
as been computer-generated or developed from the template,
ithout the time-consuming need for difficult impressions
ith transfers fixed on the fibula in a narrow oral cavity. The
rosthesis can be loaded immediately if there is adequate
orque on insertion, which reduces discomfort for the patient
nd shortens the operating time.

A different prosthesis can be fabricated with the aid
f a dedicated computer-aided design and machining
CAD–CAM) scanner, ranging from metal and acrylic resin
rovisional prostheses (used in this case, as a provisional,
edium-term prosthesis) to titanium or zirconia implant
ridges (as long-term prostheses).
Further studies are needed of larger numbers of patients

o discover possible contraindications to or complications of

c framework fitted to the implants, and their depth.
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his procedure in suitable patients, and to discover further
pplications for the method.

eferences

1. Hidalgo DA. Titanium miniplate fixation in free flap mandible recon-
struction. Ann Plast Surg 1989;23:498–507.

2. Lukash FN, Sachs SA, Fischman B, Attie JN. Osseointegrated denture
in a vascularized bone transfer: functional jaw reconstruction. Ann Plast
Surg 1987;19:538–44.

3. Zlotolow IM, Huryn JM, Piro JD, Lenchewski E, Hidalgo DA.
Osseointegrated implants and functional prosthetic rehabilitation in
microvascular fibula free flap reconstructed mandibles. Am J Surg
1992;164:677–81.

4. Hayter JP, Cawood JI. Oral rehabilitation with endosteal implants and

free flaps. Int J Oral Maxillofac Surg 1996;25:3–12 [Erratum: Int J Oral
Maxillofac Surg 1996; 25:248].

5. Chiapasco M, Biglioli F, Autelitano L, Romeo E, Brusati R. Clinical
outcome of dental implants placed in fibula-free flaps used for the recon-

1

axillofacial Surgery 50 (2012) 30–35 35

struction of maxillo-mandibular defects following ablation for tumors
or osteoradionecrosis. Clin Oral Implant Res 2006;17:220–8.

6. Bodard AG, Bémer J, Gourmet R, Lucas R, Coroller J, Salino S, Breton
P. Dental implants and microvascular free fibula flap: 23 patients. Rev
Stomatol Chir Maxillofac 2008;109:363–6 [in French].

7. Marchack CB. An immediately loaded CAD/CAM-guided definitive
prosthesis: a clinical report. J Prosthet Dent 2005;93:8–12.

8. Malo P, de Araujo Nobre M, Lopes A. The use of computer-guided flap-
less implant surgery and four implants placed in immediate function to
support a fixed denture: preliminary results after a mean follow-up period
of thirteen months. J Prosthet Dent 2007; 97:26-34 2008;97:26–34
[Erratum: J Prosthet Dent 2008; 99:167].

9. Garg AK. Implant surgical templates in implant dentistry NobelGuide.
Dent Implantol Update 2007;18:25–8.

0. Yong LT, Moy PK. Complications of computer-aided-design/computer-
aided-machine-guided (NobelGuide) surgical implant placement: an
evaluation of early clinical results. Clin Implant Dent Relat Res

2008;10:123–7.

1. Balshi SF, Wolfinger GJ, Balshi TJ. Guided implant placement and
immediate prosthesis delivery using traditional Brånemark System abut-
ments: a pilot study of 23 patients. Implant Dent 2008;17:128–35.


	Computed tomography-guided implant surgery for dental rehabilitation in mandible reconstructed with a fibular free flap: description of the technique
	Introduction
	Patient, methods, and result
	Operative technique
	Discussion
	References


