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RESUMO 
A fíbula tem sido o osso de escolha 
para reconstrução mandibular com 
alta eficácia, mas reabilitar uma 
mandíbula reconstruída sem o auxílio 
de implantes dentários é tarefa 
bastante difícil. O objetivo deste 
trabalho foi avaliar o potencial 
apresentado por fíbulas humanas 
secas para instalação de implantes 
regulares (7mm ou mais) e buscar um 
padrão de localização anatômica de 
áreas mais favoráveis para este fim. 
Foram avaliadas, através de estudo 
tomográfico, trinta fíbulas secas 
humanas, em cinco áreas distintas de 
cada osso e os dados foram tratados 
estatisticamente. Os resultados 
revelaram que os trinta ossos 
analisados apresentaram importantes 
diferenças entre as medidas máximas 
e mínimas mensuradas, sem que 
houvesse um padrão anatômico para 
essas diferenças e que apenas três 
ossos apresentaram alguma das 
medidas inferior ao padrão de 7mm, 
mas esses mesmos ossos 
apresentavam outras medidas 
compatíveis com a instalação dos 
implantes. As diferenças entre as 
medidas máximas e mínimas variaram 
de 2,50mm até 11,50 mm (p=0,000). 
Os dados analisados revelaram que 29 

dos 30 ossos apresentaram áreas 
viáveis para colocação de implantes 
regulares; Não houve padrão 
anatômico quanto a localização de 
áreas mais favoráveis e, portanto, um 
estudo tomográfico de ambas fíbulas 
do pacientes no pré-operatório poderia 
auxiliar no planejamento da 
reconstrução e na eleição, por parte 
do cirurgião, de áreas mais favoráveis 
para posterior reabilitação protética 
com auxílio de implantes. 

 
 
 

Descritores: Mandíbula, Fíbula, 
Reabilitação Maxilo Facial, retalho 
livre, tomografia computadorizada 

ABSTRACT 
The aim of this study was to evaluate 
the potential presented by human 
dried fibula on regular implants 
installation (7 mm or more) and to 
search for a standard anatomical 
position of more appropriate areas.  
Thirty human dried fibulas, in five 
distinct areas of each bone, were 
evaluated in a tomographic study and 
the data were processed statistically. 
The results revealed that the thirty 
bones examined showed significant 
differences between the maximum and 
minimum values measured, without 
any anatomical standard for these 
differences and that only three of 
these bones showed values less than 
the standard 7 mm, but these same 
bones presented other dimensions 
compatible with the installation of 
implants. The differences between 
maximum and minimum values 
ranged from 2.50 mm up to 11.50 mm 
(p=0 000). The analyzed data showed 
that 29 of the 30 bones presented 
viable areas for the installation of 
regular implants. There were no 
anatomical pattern considering most 
favorable location areas and, therefore 
a tomographic study of both fibulae of 
patients preoperatively could assist in 
the planning of reconstruction and 

election, by the surgeon, of most 
favorable areas for future prosthetic 
rehabilitation with the assistance of 
implants. 
 
 
 
 
 
 
 
 
 
 
 
Descriptors: Mandibular, free flap 
fibula, computed tomography, 
maxillofacial rehabilitation 
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INTRODUCTION 

The fibula has been the bone 

of choice in mandibular 

reconstruction, also starting to be 

used and applied with great 

efficiency in maxillary 

reconstructions. 1 This bone has 

characteristics that facilitate its 

plasticity by the surgeon, do not 

cause much morbidity, allow 

multiple osteotomies and promote 

good modeling in mandibular 

reconstruction. This is a bone that 

has good quality for being 

bicortical, offers sufficient quantity 

for bone reconstruction, besides 

being a good bed for receiving 

dental implants. 2-4 

On the other hand, the 

prosthetic rehabilitation of a jaw 

segment reconstructed by fibula 

without the aid of implants is a 

very difficult task. Considering that 

sometimes a lack of vestibule and 

the presence of excess skin, 

replacing the keratinized mucosa 

from the oral cavity, are observed 

in the reconstructed section. Also, 

in these cases, an occlusal 

discrepancy (anteroposterior) 

relationship between the maxilla 

and mandible, and large vertical 

differences between the fibula and 

the remaining bone are still 

common. 5 

Additionally, the literature 

alerts us to the fact that the vast 

majority of patients reconstructed 

by fibula does not use functional 

prostheses and does not receive 

dental rehabilitation; and, in some 

cases, these numbers may exceed 

the 80%. So, this is a challenge to 

be overcome, as the quest for 

quality of life should be the 

ultimate goal of any treatment. 

Implants can also increase the rate 

of use of prostheses by these 

patients, since they assist in the 

retention and stability of the parts. 

Assuming advantages in the use of 

osseointegrated implants in the 

prosthetic rehabilitation of jaws 

reconstructed with the fibula, 

anatomic and radiographic 

knowledge of this bone is required 

so that the maxillo-facial 

prosthetist can be prepared and 

secure when discussing the 

rehabilitation, the means of 

retention and the stability of the 

prostheses. 
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MATERIALS AND METHODS 

Thirty dried human fibulae 

were selected at random from the 

Department of Anatomy, Institute 

of Biomedical Sciences (ICB) of the 

University of São Paulo. Inclusion 

criteria for selection were that the 

bones had to have good anatomic 

integrity and possess the essential 

proximal and distal ends in great 

condition. The pieces were 

measured on the long axis by the 

same observer. Then, the center of 

each bone was marked and, to the 

right and left of this center, two 

new points were marked at a 

distance of 3 cm from each other, 

thus forming two areas on the right 

and two on the left of the center. 

These areas served as markers for 

the tomographic images taken 

images and were classified in 

sections 1, 2, 3, 4, 5 (Figure 1); 

and, each section was evaluated in 

three distinct areas A, B, C 

(Figures 2A and 2B). After marking 

all the bones, they underwent CT 

examination performed using the 

General Electric Prospeed helical 

unit (WW 2500, WL 1000) (Figure 

3).

 

Figure 1. Example of Fibula with five areas analyzed 

 

Figure 2A and 2B. Example of the three areas analyzed for each selected section one of the 

five 
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Figure 3. Dry bones underwent CT examination 

 

The fibulae were examined in 

groups of four parts, making five 

CT slices of 1 mm collimation, with 

30 mm spacing in the part during 

the anatomical analysis. In each 

section, the presence of three 

cortical bones per piece was 

observed. The cortical thickness 

was measured by the same 

observer, resulting in a total of 15 

measurements for each fibula 

(Table 1). The data were entered 

and analyzed using the statistical 

package Stata 10. Descriptive 

measurements were carried out 

(minimum and maximum values, 

standard deviation, differences 

between minimum and maximum 

values). To investigate the 

differences between the heights of 

fibulae, the t-test for paired data 

was performed. Based on the 

supply of regular implants, on the 

international market, a minimum 

value of 7.00 mm thickness was 

established as the minimum 

acceptable for the installation of 

implants. The significance level 

was 95%. 
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Fibulae N Median Min Max SD Diff p 

1 15.00 12.10 10.00 14.00 1.07 4.00 0.00 
2 15.00 11.60 8.00 14.50 2.05 6.50 0.00 
3 15.00 10.50 9.00 13.50 1.28 4.50 0.00 
4 15.00 11.37 8.00 14.00 1.74 6.00 0.00 
5 15.00 6.70 4.00 11.50 2.27 7.50 0.00 
6 15.00 8.03 5.00 10.00 1.62 5.00 0.00 
7 15.00 7.57 5.00 10.00 1.47 5.00 0.00 
8 15.00 7.57 6.00 8.50 0.59 2.50 0.00 
9 15.00 9.43 6.50 14.00 2.44 7.50 0.00 
10 15.00 11.87 10.00 15.50 1.95 5.50 0.00 
11 15.00 13.60 10.00 17.50 2.32 7.50 0.00 
12 15.00 9.13 6.00 14.00 2.26 8.00 0.00 
13 15.00 9.80 8.00 12.50 1.41 4.50 0.00 
14 15.00 12.30 9.00 15.50 1.88 6.50 0.00 
15 15.00 9.93 7.00 14.00 1.90 7.00 0.00 
16 15.00 11.03 8.00 14.50 2.08 6.50 0.00 
17 15.00 8.13 5.00 12.50 2.06 7.50 0.00 
18 15.00 12.80 8.50 17.00 2.58 8.50 0.00 
19 15.00 10.77 8.00 13.00 1.60 5.00 0.00 
20 15.00 8.63 6.50 10.50 1.43 4.00 0.00 
21 15.00 9.95 7.00 12.00 1.22 5.00 0.00 
22 15.00 9.80 6.00 14.80 2.54 8.80 0.00 
23 15.00 10.41 8.60 12.50 1.13 3.90 0.00 
24 15.00 10.39 8.70 12.00 0.94 3.30 0.00 
25 15.00 10.81 9.80 14.90 1.31 5.10 0.00 
26 15.00 9.71 7.20 13.30 1.56 6.10 0.00 
27 15.00 8.38 7.00 11.80 1.57 4.80 0.00 
28 15.00 12.13 9.50 15.80 2.25 6.30 0.00 
29 15.00 11.75 9.80 16.00 2.39 6.20 0.00 
30 15.00 9.28 4.50 16.00 4.01 11.50 0.00 

Table 1. Descriptive measurements of the height of the fibula 

 

RESULTS 

Data analysis aimed at 

assessing the fifteen minimum 

measurements (Min) and fifteen 

maximum measurements (Max) of 

the thirty fibulae studied. When 

analyzing the data of fibula 1 (one), 

for example, it was found that the 

average of the fifteen 

measurements was 12.10 mm with 

the minimum measurement 10.00 

mm and the maximum 14.00 mm. 

The difference between the 

maximum and minimum values 

(Max - Min) was also calculated 

which, in the case of fibula 1 (one), 

was 4.00 mm; the standard 

deviation was 1.07; and, p = 0.00. 

For all other 29 bones analyzed, 

important differences were also 

observed between the 

measurements obtained, as 

described for fibula 1. Descriptive 

analysis of the data obtained from 
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the CT scans revealed that, in the 

sample examined, only fibula five 

(5) had the mean of the 

measurements less than the 

standard of 7.00 mm; although, 

three other bones (7, 17 and 30) 

presented the minimum 

measurement below the standard, 

the first two were 5 mm and the 

last was 4.50 mm. But, when all 

fifteen measurements are taken 

into account, the average value is 

greater than the standard; on the 

other hand, the maximum 

measurement observed was 17.50 

mm. Other data relate to 

differences between the minimum 

and maximum measurements 

(Diff), which ranged from 2.50 mm 

in fibula eight (8) to 11.50 mm in 

fibula thirty (30). To check the real 

difference among the 

measurements obtained, the 

Student's t-test was applied, which 

confirmed the statistically 

significant difference among the 

heights of all fibulae examined 

(Figure 4).  

 

 

 

Figure 4. Graphic of the maximum and minimum measurements in relation to the 

established standard of 7mm  
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DISCUSSION 

Mandibulectomies are due to 

the resection of benign and 

malignant tumors of the oral 

cavity, maxillofacial trauma, and 

infections; and, they can cause 

functional deficits which include 

difficulties in mastication and 

swallowing, as well as changes in 

social relations, and immediate 

reconstruction is desirable in order 

to reduce the impact of the 

resection on the patient's life. 6 

There is no doubt about the 

advantages of the fibula, compared 

with other donors, in mandibular 

reconstruction. 3 These advantages 

include the possibility of several 

osteotomies with low morbidity 

rate, compared to the iliac bone, 

for example; the possibility of 

combining skin flaps for the 

reconstruction of soft tissue 

defects; and, the possibility of 

osseointegration of implants (being 

a bone with two dense cortical). 

However, despite the many 

advantages, the bone “height” 

limits the rehabilitation with 

implants, and the discrepancy in 

“height” between the fibula and the 

remaining jaw, especially in the 

dentates, will always exist. 

However much higher is the height 

of the fibula, the smaller will be the 

vertical discrepancy between the 

flap and the native mandible. 7 

Papers published around the 

world try to minimize the vertical 

gap in partial dentates 

reconstructed by fibula, as this 

seems to be one of the major 

obstacles in this type of 

reconstruction. However, these 

methods are not applied to all 

patients, and are usually reported 

in small samples with short follow 

up. 2,3 Searching for less invasive 

alternatives that reduce risks to 

the patient, seems to be a desirable 

alternative. 

Another important aspect, 

that must be considered and that 

should guide the rehabilitative 

procedure, concerns the 

comprehensive rehabilitation in 

which the center were the patients, 

their needs, desires, expectations 

and the return to normal activities 

prior to which the illness crippled 

them. These include work, study, 

family and emotional relationships, 

and are good indicators of the 

success of the comprehensive 
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rehabilitation of the patient. 3,8 The 

literature warns that only 45% of 

patients rehabilitated by fibula 

returned to an unrestricted diet, 

45% soft diet, 5% use only liquid 

diet, and 5% enteral feeding via 

nasogastric tube. 9 Recent studies 

corroborate the findings of 

Cordeiro, as they find that 58% of 

men and 25% of women who 

received fibula report difficulty in 

speaking. On the other hand, 62% 

of women and 34% of men have 

esthetic complaints about the 

region considered. However, a third 

of these patients did not receive 

prosthetic rehabilitation and 43% 

of them received implant 

prostheses. 10 

Other studies show that 

most reconstructed fibulae do not 

receive osseointegrated implants; 

however, there is no consensus 

among the authors about what 

motivates the non-use of implants 

to rehabilitate these patients, since 

we know that these improve the 

retention and stability of the 

prostheses. The high costs, the 

adjuvant treatments 

(chemotherapy and / or 

radiotherapy), the fatigue of the 

patient, the low survival rate of 

patients, may be hypothesized as 

justifying this picture, although we 

cannot reject the hypothesis that 

the lack of  knowledge about the 

real potential of fibula 

rehabilitation, the advantages of 

installing implants under the best 

possible conditions and, 

essentially, the patient's desire to 

be fully rehabilitated, can change 

this situation. 7 

Our data show that the 

fibula is not a uniform bone with 

regard to its height and may vary, 

as in bone 30, from 16.00 mm at 

its maximum to 4.50 mm at its 

minimum. Fibula 11, in turn, 

which was 17.50 mm at maximum 

and 10 mm at minimum, is a good 

example for our discussion. 

Although it had viable bone in all 

areas analyzed, from the 

standpoint of regular placement of 

implants it revealed areas with 

more bone height than others, 

allowing far greater implant 

placement with consequent 

decrease in the vertical gap and 

possibly increased longevity of 

these implants. Another example is 

fibula 18 because, while this bone 
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showed areas bordering the 

placement of regular 8.5 mm 

implants, there were areas with 

significant 17.00 mm bone height; 

thus, suggesting that the surgeon’s 

election of regions from within the 

same fibula, more favorable to 

rehabilitation by implants, could 

reverse the numbers indicating 

that the majority of patients 

reconstructed by fibula receive 

neither dental reconstruction nor 

implant placement (Table 1). 

Despite 29 of the 30 bones 

examined showing sufficient height 

for placement of regular implants 

in some of the areas studied, it is 

important to note the discrepancy 

between the measurements and 

the lack of a pattern among them, 

indicating that the bones do not 

have heights with uniform 

distribution. Therefore, 

tomographic study of both fibulae 

of the patient may be interesting, 

so that the surgeon can decide 

which bones and regions are 

larger, to minimize some of the 

problems reported in the literature; 

especially, the great gap produced 

by the difference between the 

height of the transplanted fibula 

and the native mandible, because 

small implants, theoretically, 

would not handle the masticatory 

load and could be lost in a short 

time. Also, during the surgical 

rehabilitation planning for the 

patients are treatments for 

infection, trauma, or benign and 

malignant tumors, and we have to 

consider survival as a decisive 

factor in searching for the most 

favorable conditions possible for a 

rehabilitation,  that will restore the 

lost form of the face and jaw line, 

the oral functions (chewing, 

speaking and swallowing), and 

return the patient's desire to smile, 

preferably with a suitable 

prosthesis with good retention and 

stability that can restore the 

integrity of the conditions lost by 

the preoperative patient. 

 

CONCLUSIONS 

CT scan of the human 

fibulae revealed that 29 of the 30 

bones examined had viable areas 

for the placement of regular 

implants; 

There was great variation between 

the maximum and minimum 
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measurements analyzed in each 

bone; 

There was no pattern among the 

measurements obtained, with 

respect to the examined areas; 

The indication for CT scan of the 

patient’s fibulae can be a valuable 

test, in the search for areas with 

more bone height to allow the 

installation of larger implants, thus 

increasing the survival of the 

implants and the success of oral 

rehabilitation. 
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