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SUMMARY. Eleven patients underwent mandibular reconstruction with pedicled temporal muscle flaps combined 
with vascularised or free full thickness calvarial bone grafts. Six were primary and five secondary reconstructions. 
The indications were squamous cell carcinoma (n = 6f radio-osteonecrosis (n = 4), and gunshot wound (n = 1). 
Five patients also had endosseus implants, either simultaneously or delayed. The only major complications were 
necrosis of the whole calvarial bone (n= 1) and permanent facial nerve palsy (n = 1). The advantages of using full 
thickness calvarial bone are that it is thick enough to take an endosseous implant, morbidity is low, there is 
virtually no postoperative pain, the scar is invisible, and there is only one donor area for both hard and soft tissue. 
Transplantation of full thickness calvarial bone and temporal muscle is a viable alternative to an osseomyocutaneous 
microvascularised free flap for reconstruction of the mandible when the neck has been previously operated on or 
irradiated, and anastomosis may be critical. 

INTRODUCTION 

The goal of mandibular reconstruction after injury 
or ablative surgery is restoration of mandibular form 
and function. Bone grafting, stable osteosynthesis, 
and a well vascularised soft tissue recipient area are 
essential. 

Apart from reports of heterologous bone transplan¬ 
tation into humans dating from the seventeenth and 
eighteenth centuries,1 the first people to undertake 
systematic research into bone transplantation were 
Ollier,2 Heine,3 and Barth.4 Lexer5 published clinical 
reports about bone grafts, and Axhausen6 reported 
experimental research about the interface between 
the graft and the surrounding tissue. Farmand7 and 
Schmöker8 have published historical reviews. 

Calvarium was used as an osseocutaneous flap for 
covering defects in the skull by Müller,9 and Koenig. 10 

Bardenheuer 11 bridged a mandibular defect with a 
piece of frontal bone pedicled to the periosteum. 

In 1972 Conley12 designed a flap of temporal 
muscle and temporoparietal bone that was pedicled 
to the temporal vessels, and Antonyshyn et aid3 and 
Casanova et al. 14 used the myo-osseous temporal flap 
in several anatomical and experimental studies. 
Tessier 15 reported a case in which the ascending 
ramus had been reconstructed with calvarial bone, 
and Combelles and Zadeh 16 reconstructed the man¬ 
dible with a similar flap. Several other authors have 
also reported mandibular reconstruction with myo-
osseous or osseomyofascial temporal flaps with either 
full or split thickness calvarial bone. 17-23 Wolfe24 

reconstructed the mandible and surrounding soft 
tissue with calvarial bone and a temporal muscle flap 
separately, and Matsuba et al. 21 and Habal and 
Rasmussen25 successfully inserted implants 18 months 

and 4 years after mandibular reconstruction with 
cranial bone. 

PATIENTS AND METHODS 

Eleven patients underwent mandibular reconstruction 
with full thickness calvarial bone and temporal muscle 
between January 1991 and March 1993. Six were 
primary, and five secondary, reconstructions. The 
indications for operation were squamous cell carci¬ 
noma (77 = 6), radio-osteonecrosis (n =4), and gun¬ 
shot wound (n = 1). There were three women and 
eight men, mean age 55 years (range 24-68). 

Two patients had a pedicled osseomyofacial tem¬ 
poral flap with bone from the parietal area, and in 
nine separate transplantation was done with free 
parietal bone and a temporal muscle flap vascularised 
by the deep temporal arteries. In one bilateral recon¬ 
struction (from one ascending ramus to the other) 
both calvarial bone and temporal muscle were raised 
on each side. Ten implants were inserted in five 
patients, in one at the same time as the mandibular 
reconstruction and in the others 4 weeks to 15 
months later. 

Four of the six patients with tumours had had 
radiotherapy preoperatively or postoperatively 2-3 
years before reconstruction (one had 70 Gy, the 
others 50-60 Gy). The radiotherapy had been with 
photons generated by a 6 MV linear accelerator with 
a target dose of 1.80 Gy/fraction five times a week. 
All six patients had undergone radical dissection of 
the neck. Three of the four patients with radio¬ 
osteonecrosis had adjuvant treatment with hyperbaric 
oxygen. 26
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Table 1 - Details of patients who underwent reconstruction 

Case no. Age (years) Sex Diagnosis Type of reconstruction Type of flap 

1 53 Male Radio-osteonecrosis Primary Free 
2 54 Male Squamous cell carcinoma Secondary Pedicled 
3 68 Female Squamous cell carcinoma Secondary Pedicled 
4 57 Male Squamous cell carcinoma Primary Free 
5 64 Male Squamous cell carcinoma Primary Free 
6 37 Male Squamous cell carcinoma Secondary Free 
7 67 Female Radio-osteonecrosis Primary Free 
8 63 Male Radio-osteonecrosis Primary Free 
9 52 Female Squamous cell carcinoma Secondary Free 
10 62 Male Radio-osteonecrosis Primary Free 
11 24 Male Gunshot wound Secondary Free 

Table 2 - Complication after 11 mandibular reconstructions 

Complication After operation for cancer After operation for radio-osteonecrosis 

Primary Secondary 

Free flap Pedicled flap 

Facial nerve palsy: 
Temporary 111 1 
Complete 0 0 1 0 
Infection and fistula 10 0 1 
Necrosis of calvarial bone 10 0 0 

Surgical technique 

The hair is removed from an area 2 cm wide from 
ear to ear, and a skin flap including the parietotempo¬ 
ral fascia is raised along the avascular layer over the 
pericranium. The pericranium is incised in the sup¬ 
raorbital area so that the lateral aspect of the orbit 
and the zygomatic arch can be seen. The zygomatic 
arch is cut at the lateral orbital wall and in front of 
the tuberculum. The zygomatic complex remains ped-
icled to the masseter muscle and is moved laterally 
or removed. The coronoid process is removed either 
inside or outside the mouth. The temporal muscle is 
dissected in a subperiostial plane and mobilised 
(Fig. 1). At the same time a craniotomy is made on 
the non-dominant side with four to six burrholes. 
The calvarium is removed, shaped, and repositioned 
in the mandibular defect which has been defined 
precisely by positioning both mandibular fragments 
correctly with a temporary external fixation device. 
The bone graft is immobilised with miniplates or lag 
screws (Fig. 2). In primary reconstructions the bone 
graft is fixed directly to the stainless steel reconstruc¬ 
tion plate. 
The temporal muscle flap is moved within the 

mouth along the inner aspect of the ascending ramus 
and wrapped around the calvarial bone graft (Fig. 3.). 
When a myo-osseofascial temporal flap (in which the 
parietotemporal fascia is preserved with the super¬ 
ficial temporal vessels) is used, only a part of the 
temporal muscle is involved and the whole flap is 
moved laterally to the zygomatic arch towards the 
mandibular defect (Fig. 4). 

The parietal cranial bone defect is filled with split 
thickness calvarial bone or with slices of lyophilised 
cartilage27 28 and bone morphogenetic protein paste 
(BMP) (Fig. 5). 29 30 The zygomatic complex which 

was either moved laterally or removed is repositioned 
and immobilised with wire. The contour of the tem¬ 
poral fossa is restored with chips and slices of lyophi¬ 
lised cartilage which are covered with a pericranial 
rotation flap (Fig. 6). 

RESULTS 

Photographs and computed tomograms (including 
three dimensional reconstructions and conventional 
radiographs) were made postoperatively (Fig. 7). In 
all cases of secondary reconstruction we did a "mTc 
scintigram. Seven days postoperatively both trans¬ 
planted pedicled calvarial bone grafts showed scinti¬ 
graphic uptake. 

All implants showed evidence of osseointegration 
and in three patients dentures supported by the 
implant could be inserted (Fig. 8). 

There was only one permanent facial palsy (case 2), 
which was probably caused by the placement of the 
anterior incision in the parietotemporal fascia; this 
was lower than usual to permit rotation of the 
pedicled calvarial bone into the mandibular defect. 
As a result excessive traction may have been exerted 
on the soft tissues which would have damaged the 
nerve. One patient with radio-osteonecrosis under¬ 
went resection and immediate reconstruction (case 7), 
and developed a complete fistula. The fistula healed 
initially but then recurred, probably as a result of 
inflammation caused by a loose screw. The distal 
screws were removed during revision of the recipient 
site, and we could see that the mesial end had healed 
completely. Therefore, we put two miniplates into 
the distal part for osteosynthesis. One patient (case 4) 
who had undergone primary reconstruction required 
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Fig. 1A - Diagram showing the dissected temporal muscle after removal of the zygomatic arch and the cranial bone defect after harvesting 
the full-thickness calvarial bone for reconstruction of the mandible. 

Fig. IB - Temporalis muscle flap raised and mobilised. The zygomatic arch has been removed. 

Fig. 2 - Insertion of the cranial bone graft with lag screws. The 
temporal muscle is seen on the upper border of the mandible. 

radiotherapy postoperatively because of extracapsu-
lar spread of tumour into two regional lymph nodes. 
A cutaneous fistula developed during the course, 
which resulted in serious dehiscence in the area of 
the AO reconstruction plate. Conservative treatment 
was unsuccessful so the bone was removed through 
an extraoral approach 6 months after reconstruction, 
and the soft tissue defect filled with a deltopectoral 
flap. Histological examination showed inflammation 
of the bone with extensive spongy fibrosis. 

There was only one complication in a donor area: 
a seroma formed and had to be aspirated. There were 
no infections or neurological problems. 

Fig. 3 - Diagram (A) and operative photograph (B) showing the temporal muscle wrapped around the transplanted cranial bone graft. 
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Fig. 4 - Diagram (A) and operative photograph (B) showing the myo-osseofacial temporal flap with enosseous implants which is 
transported laterally to the zygomatic arch towards the mandibular defect. 

Fig. 5 - The cranial defect reconstructed with slices of lyophilised 
cartilage. 

DISCUSSION 

Transplanted bone heals when the graft is saved from 
potential death by revascularisation. 31 The direct 
relation between vascularisation and osteogenesis was 
first described by von Haller in 1763. 32 It is essential 
that free bone grafts for reconstruction of the lower 
jaw should be inserted into a well vascularised site, 
and if that is not possible then vascularised soft tissue 

should be transferred as well. In addition complete 
immobilisation in close contact with the remnants of 
the jaw is necessary to ensure complete healing. 

The main problem when using calvarial bone ped-
icled to the parietotemporal artery, deep temporal 
fascia, and temporal muscle, lies in the difficulty of 
transporting a piece of bone of the correct shape and 
size into the oral cavity without damaging the facial 
nerve, particularly if the defect extends from the 
middle of the ascending ramus to the symphyseal 
area. It is also technically difficult to fix the bone 
graft in the correct position. 24 Therefore, we prefer 
to transfer the pedicled temporal muscle and the free 
calvarial bone separately. This ensures the security of 
the frontal branch of the facial nerve which runs side 
by side with the branches of the superficial temporal 
artery in the parietotemporal fascia. 33 34

Another advantage of taking free calvarial bone 
grafts is that the bone can be taken from the part 
where the shape and thickness are best suited to 
mandibular reconstruction, rather than being 
compromised by the necessity to raise a pedicle. 

When the temporal muscle flap is raised separately 
it is possible to use the whole muscle to give additional 
soft tissue bulk in the floor of the mouth and the 
vestibulum. The whole graft is covered with well 
vascularised muscular tissue at the recipient site, and 
this permits good healing independently of the local 
vascularisation which may have been compromised 
by local radiotherapy or previous infection. 35 The use 
of calvarial bone was suggested more by its proximity 
to the recipient area (which avoids the need for a 
second operation site as when iliac crest is used)36 
than by its mesenchymal origin.37

The use of microvascular free osteomyocutaneous 
flaps has resulted in considerable improvements in 
both the aesthetic and functional aspects of mandibu¬ 
lar reconstructions when the recipient site is poorly 
vascularised and there are serious soft tissue defects 
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Fig. 6 - Diagram (A) and operative photograph (B) showing the pericranium rotation flap covering the chips and slices of lyophilised 
cartilage for recontouring the temporal fossa. 

Fig. 7 - Radiographs (A, B) with the transplanted 
cranial bone graft on the left site. Mandibular-
maxillary fixation by miniplates. (C) Three 
dimensional reconstruction after insertion of three 
implants, one in the cranial bone graft (arrow). 
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Fig. 8 - (A) Panorex radiographs after operation and (B) 1 year after placement of implants, (C, D) the denture supported by the implant. 

and loss of bone. 38 However, we have achieved good 
results with free or pedicled calvarial bone grafts in 
our patients, nine of whom had had previous oper¬ 
ations or irradiation. The avoidance of both microan¬ 
astomoses in irradiated or scarred tissue and of 
remote donor sites are advantages. 
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