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Abstract
Introduction: 3D Printing has been a tool which is being vastly employed in various 
specialities in the field of medicine. Free Fibula Flap is now regarded as the gold 
standard for reconstruction following oncological mandibular resection. It helps 
achieve near to normal occlusion and mastication for the patient. However, the 
results are confounded due to inappropriate estimate of defect or inappropriate 
angulation of ostéotomy. 3D printing and virtual planning can hence be an effective 
tool to help in pre planning osteotomies and implant designs. Unfortunately, 
in developing countries it is expensive and time consuming often requiring 
technicians to finish the job. We have devised a cheap (less than 35$), rapid and 
reproducible method for this process, which can be performed by residents and 
medical students.

Materials and Methods: Patients were categorised in two groups, one of which 
underwent Conventional Free Fibula Flap and the other group consisted of those 
where 3D Printing was used. The study was conducted in the span of 4 years from 
2016-2019. Aesthetic and Functional outcome was measured by preoperative and 
post-operative 3D Scans. Furthermore, the reconstruction time and total operative 
time was also measured in both these groups. 

Results: Comparative study of 3D Scans clearly demonstrated a better aesthetic 
outcome of 3D Printing and virtual planning group. The modality also helped 
reduce surgeons’ operative time where reconstruction time was 83.9 mins in the 
Cases group 124 mins in the control group.

Conclusion: 3D printing and virtual 3D Imaging has the potential to improve 
the quality of mandibular reconstruction giving better aesthetic and functional 
outcome. Besides, it also reduces the operative time and gives us a chance to use 
pre operatively designed patient customised implants. 3D printing obviates the 
need for speculation and gives exact measurements in all dimensions. We believe 
that this tool should be incorporated often in Free Fibula Flaps for mandibular 
reconstruction.
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Introduction
Free Fibula Flap is now regarded as the gold standard for 
reconstruction following mandibular resection for oncological 
conditions [1,2]. The flap has many advantages; this is owing to 
the uniform bicortical thickness, density, long vascular pedicle, 

adequate vessel size and less donor site morbidity of the Fibular 
Graft. Nonetheless, it helps achieve near to normal occlusion and 
mastication for the patient. However, the results are confounded 
due to inappropriate estimate of defect or inappropriate 
angulation of ostéotomy. The idea of replacing “like with like” 
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mandible. If both sides are involved then superimposition is done 
using guiding lines at the inferno-lateral border of the proposed 
mandible.

As shown in Figures 2-7 we can accurately measure the osteotomy 
sites. This as described below will be used as a guide in the 
operation theatre.

Now that the virtual surgery is finished, 3D prints are obtained, 
first of the diseased mandible, and then of the virtually 
reconstructed mandible. These models are then autoclaved. 
Prints of Virtual planning are used as a guide in the theatre. The 
autoclaved models are used in the operation theatre itself as the 
patient is being induced. The markings are then re performed on 
the model using the printed materials as a guide. Measurements 
for the fibular osteotomies are also confirmed on the side table.

Then we move on to planning of implants.
In case the reconstruction plates are used they would be 
contoured over the reconstructed 3D model, Pre bending them. 
This would be done with the help of drills and screws over the 
model. If mini plates are used, they would be similarly configured 

holds true in all facets of reconstructive surgery, but for bone 
defects it is of utmost importance. 

When we talk about problems of traditional methods of 
reconstruction we observe that it requires surgeons experience 
as a guide to accurate planning of the fibular graft. However, 
this is difficult to control and often the surgeons are met with 
dissatisfying results. 3D Printing has been a tool which is being 
vastly employed in various specialities in the field of medicine. It 
can hence be an effective tool to help in pre planning osteotomies 
and implant designs. We believed that there needed to be an 
easy, reproducible as well as cheap technique to employ these 
techniques to the developing countries and it is when we came 
up with this methodology at our center.

Materials and Methods 
40 patients were categorised in two groups, one of which 
underwent Conventional Free Fibula Flap and the other group 
consisted of those where 3D Printing and virtual planning was 
used.  The study was conducted in the span of 4 years from 
2016-2020. Aesthetic outcome was measured by pre and post 
operative pictures measuring the bony landmarks, distance and 
angle. Furthermore, the reconstruction and the total operative 
time was also measured in both these groups. 

Technique
Process of 3D virtual planning was done by getting preoperative 
CT SCAN WITH 3D reconstruction, wherein our centre has a 128 
slice, Philips Ingenuity Machine.

The images obtained are saved in DICOM format. (Digital imaging 
and communications in Medicine) The DICOM images are acquired 
in a pen drive from the CT center. These images are then opened 
into a “SLICER” software where a STL format file is obtained. This 
file is saved separately. 

The “STL” would then be opened into meshmixer software for 
editing. The meshmixer software is the place where the virtual 
planning is done. The 3D images obtained from the CT scans can 
be edited in this software.

Use of meshmixer software in virtual planning
These 3D Virtual images of the mandible are used to plan and 
perform simulation osteotomies within the meshmixer software. 
This can be done by the performing surgeon where he decides the 
plane of osteotomy according to the lesion. This is demonstrated 
in Figure 1.  After getting residual Bone, a normal mandible shape 
would be created virtually. This can be created by using blocks 
within the software as demonstrated in Figure 2. Once the residual 
bone is achieved we move towards planning of reconstruction 
with fibular bone graft.

The osteotomies on the fibula are planned and the fibular 
image (created within the software using blocks) would then be 
superimposed on the resected mandible. In this way, accurate 
bony segments of the fibula bone are measured which would 
eventually be used as a guide on the table. If only one side is 
destroyed, mirror imaging can be done to create a symmetrical 

Figure 1 Steps of virtual surgery.

 

Figure 2 The dimensions of the outer and inner borders of fibula 
control group.
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anteroposterior distance (using a perpendicular line drawn 
from the mandibular midline to the center point of the 
intercondylar length) and gonial angle were measured.

Table 2 demonstrates the comparison of difference in mean in 
genial angle, intercondylar distance, AP difference in the two 
groups.

Discussion
The free bony tissue transfer has indeed become the gold 
standard for mandibular reconstruction and fibula bone has been 
vastly employed in this [1,2]. Free fibula is the workhorse flap 
for mandibular reconstruction due to its thickness, length, and 
bone uniformity, which make it the ideal support for implants 
and a good match for the alveolar ridge [3-7]. 3D printing and 
virtual planning has changed the course of managing mandibular 
defects in the last few years. This technique has given improved 
results in terms of reduced operating time and good aesthetic 
and functional results [8-10]. Many authors have given a detailed 
methodology on going through this technique.

Seruya et al. reported significantly decreased flap ischemia time, 
from 170 to 120 minutes in a series of 10 computer-assisted 
mandibular reconstructions [11]. Zhang et al. reported virtual 
surgical planning decreased the duration of ischemia compared 
to the conventional group. 

In our study, results show that both operative times and 
reconstructive times were shorter in the computer-assisted 
group compared with the conventional group. The reduction in 
the operative time would mean less postoperative complications 
and lesser ischemia time and reduction in costs due to prolonged 
anaesthesia and recovery.

Another potential benefit of computer-assisted surgery is the 
improvement of accuracy of mandibular reconstruction [12]. 

over the corrected model. Using all this information, the surgeon 
would go forward with the surgery. Mandibular resection would 
be performed.

The fibular graft would be harvested and markings made for 
osteotomies over the same as planned before, except that this 
time it will be on the patient. Everything else remains the same. 
The graft would then be fixed to the remaining mandible using 
either reconstruction plates or mini plates.

In the control group osteotomies were made by the help of 
the CT scan maintaining adequate margins. Osteotomies were 
performed solely on the basis of surgeons' experience. These 
segments would then be fixed by reconstruction plates or mini 
plates. The reconstruction plate would be bent over the fibular 
segments.

Results 
The 40 patients that were taken into the study consisted of the 
cases group that had 20 patients (12 males and 8 females); and 
the control group that comprised of 20 patients (14 males and 6 
females)

Case distribution in the virtual planning group:
• Ameloblastoma 12

• SCC 4

• Osteonecrosis 4

Distribution in the control group:
• Ameloblastoma 10

• SCC 6

• Osteonecrosis 2

‣ The control group average age was 41.9 years (Range 
8-65)

‣ The average age in the case group was 43.9 years (Range 
23-60)

‣ The mean Reconstruction time was 83.9 min in the 
control group and 124 min in the cases group. Paired T 
test was applied to take the P-value out of the various data 
observed.

‣ The reconstruction time is defined as the time taken from 
incision for Fibula Harvest to completion of anastomosis. 

‣ The total operative time is defined as the total time 
taken during the entire surgery including resection and 
reconstruction which was done by two different teams 
simultaneously. 

Table 1 depicts the comparison of reconstruction time and total 
operative time in cases and control group.

Bony points used for measuring symmetry were:

‣ Mandibular bony landmarks, bilateral condyle, bilateral 
gonion, Gnathion. 

‣ Intercondylar distance, inter gonial angle distance and 

Table 1: Comparison of Reconstruction time and total operative time in 
cases and control group.

Variables Reconstruction 
time Total operative time

Virtual 
planning+3D 

printing
83.9 199.6

Conventional 
group 124 285.6

P-value <0.001 <0.001

Table 2: Comparison of difference in mean in genial angle, intercondylar 
distance, AP difference.

Variables 
Mean of 

Difference in 
Gonial angle

Mean of 
Difference in 
Intercondylar 

distance

Mean of 
Difference in Ap 

distance

Virtual 
planning+3D 

printing
2.85 3.05 4.2

Conventional 
group 4.9 6.12 7.4

P-value <0.007 <0.001 <0.001
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Accurate planning of mandibular reconstructive procedure using 
a 3-D model printing was widely described in the literature with 
satisfactory esthetic and functional outcomes [13]. However, 
modern techniques used in reconstructive surgery require 
good cooperation between the radiologist, a team of engineers 
preparing 3-D model printing as well as the surgeons [14,15]. 

Additionally, the use of modern technological solutions 
significantly increases the costs of treatment compared to 
conventional reconstruction technique [16]. 

Yao Yu et al. found that combined application of the CAD and 
surgical navigation resulted in a more accurate outcome for 

Figure 3 3D prints.
 

Figure 4 Excised mandible.

Figure 5 Reconstructed mandible.  

Figure 6 Pre and post-operative pictures.

mandibular reconstruction with free fibula flap [17]. However, 
time consumption, learning curve and costs should be taken into 
account when surgical navigation is used as a surgical tool [18].

In a government hospital like ours, we thought that there 
needed to be a simplification of this process of 3D printing and 
virtual planning. Therefore we devised a simpler, cheaper and 
more reproducible method which requires a lesser number 
of personnel’s. The entire process of virtual planning can be 
performed by the doctor or a working resident. Initially it took 
4-5 hours for a beginner to learn about these softwares, but 
within a matter of a couple of cases the entire planning could be 
finished in about 2 hours. The use of software is easy and once 
learnt it can be used in every case that is being posted. 3D prints 
are readily available nowadays and there are a lot of videos over 
the web demonstrating on how to make one at home. The overall 
cost for the entire process was not more than 35$. 

At our centre we could overcome the two main challenges in this 
technique, namely Cost and Learning Curve.

We also believe that combining virtual planning and 3D printing 
gives more accuracy to the results as compared to those when 
used singularly. 
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Figure 7 Another case done using this technique.
 

As per the majority of the studies already described above, 
our results also show that the mean differences between 
the preoperative and postoperative intercondylar distances, 
anteroposterior distances, and gonial angles were smaller in the 
computer-assisted group compared with conventional group. This 
demonstrates the accuracy of the technique over conventional 
methods.

Surgical navigation is a useful tool that can verify the actual 
position with a preoperative virtual plan during surgery [19]. 
Based on the fibular transplants, using dental implants for oral 

rehabilitation has been frequently used following reconstruction 
of the mandible and has proven to be a reliable method [20].

Limitations
• The extent of resection in malignant swellings and that of 

osteoradionecrosis may differ intraoperatively.

• It may change the level of osteotomies and reduce the 
usefulness of this technique.

• The final outcome can also differ from soft tissue.  So this 
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technique would be best for benign swellings or those 
having mandibular defects in previously operated cases. 

Conclusion 
3D printing and virtual 3D Imaging has the potential to improve 
the quality of mandibular reconstruction giving better aesthetic 
and functional outcome. Besides, it also reduces the operative 

time and gives us a chance to use pre operatively designed 
patient customised implants. 3D printing obviates the need for 
speculation and gives exact measurements in all dimensions. Our 
centre has found a cheap and accessible method to go about this 
process. We believe that this tool should be incorporated often 
in Free Fibula Flaps for mandibular reconstruction in developing 
countries like ours.
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