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Summary

Objective. The fibula flap is the preferred choice for mandibular reconstruction, especially with 
recent technological advancements. This study presents and evaluates a novel EASY-WEAR-OFF 
CAD/CAM patient-specific implant (PSI) double-barrel double-plate designed to improve stabilisa-
tion and outcomes.
Methods. A custom CAD/CAM plate with 2 parts, a long-bar and a short-bar plate, connected by 
vertical rods, was developed. Implant placement was performed under local anaesthesia alongside 
the removal of the short-bar plate at 6 months postoperatively. Literature on fixation techniques and 
CAD/CAM designs was reviewed to contextualise this approach.
Results. The double-barrel technique provides greater vertical bone height than the single-bar, 
reducing the bone gap and improving implant conditions. This PSI shows potential for better pa-
tient satisfaction and functional outcomes, supporting easier implant placement and postoperative 
management.
Conclusions. This CAD/CAM PSI may enhance mandibular reconstruction using the double-barrel 
fibula flap. Further studies with larger cohorts are needed to confirm its clinical benefits and long-
term outcomes.

Key words: double-barrel fibula flap, mandibular reconstruction, implant rehabilitation, CAD/CAM, 
ameloblastoma
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Introduction
Taylor and Tamai first described the free fibula flap in 
1975  1, and it has since been widely used for the recon-
struction of both the mandible and maxilla. The primary 
objective of this procedure is to restore the continuity and 
anatomical integrity of the affected region while improv-
ing essential functions such as swallowing, mastication, 
and speech. The ability to place dental implants is a criti-
cal aspect of functional rehabilitation. The fibula flap is 
considered a reliable and consistent bone flap, enabling 
predictable outcomes in implant rehabilitation 2. Howev-
er, the fibula flap’s vertical height is often insufficient to 
match that of the native mandible, potentially complicat-
ing dental rehabilitation. This limitation can be addressed 
by employing the double-barrel technique, which offers 
several advantages over the single-bar approach. It reduc-
es the bone gap between the flap and the residual man-
dible while increasing vertical bone height, thereby cre-
ating more favourable conditions for subsequent implant 
placement 3. The fibula segment available for mandibular 
reconstruction can extend up to 15 cm 4. In recent years, 
virtual surgical planning (VSP) has become increasingly 
prominent due to advances in digital technology. Modab-
ber et al. were among the first to compare conventional 
surgery with computer-assisted mandibular reconstruction 
using free fibula flaps. They highlighted the critical role 
of preoperative planning, and the use of surgical guides 
has been shown to reduce ischemic and shaping times, 
positively influencing surgical outcomes and flap viabil-
ity. VSP primarily refers to the digital preoperative plan-
ning process, including 3D imaging, virtual osteotomies, 
and the design of patient-specific surgical guides. In con-
trast,  Computer-Aided Design/Computer-Aided Manu-

facturing (CAD/CAM)  involves the actual fabrication of 
custom-made prostheses or implants, such as reconstruc-
tion plates, based on VSP data.
As an alternative to CAD/CAM plates, conventional tita-
nium plates can be used. These are manually contoured in-
traoperatively and fixed to the remaining bony stumps. To 
ensure flap stability, both the upper and lower barrel must 
be securely fixed to the mandibular stumps using titanium 
reconstruction plates, mini-plates with mini-screws, long 
screws, or a combination of these fixation methods. The 
choice of fixation plates in the double-barrel technique de-
pends on several factors, including defect size, functional 
requirements, and the surgeon’s preferences.
CAD/CAM patient-specific plates represent a significant 
advancement by offering superior anatomical fit and preci-
sion. Nevertheless, standard reconstruction techniques re-
main a valid option, especially in clinical settings with lim-
ited access to digital technologies, or in advanced oncologic 
cases where surgery cannot be delayed accommodating the 
fabrication of a CAD-CAM prosthesis. 

Clinical case
A 27-year-old male presented with an osteolytic lesion af-
fecting the left mandible. The clinical picture was advanced, 
featuring cortical bone erosion, root resorption of adjacent 
teeth, and restricted mouth opening. A biopsy confirmed 
the diagnosis of an aggressive multicystic acanthomatous 
ameloblastoma, affecting the region from the left mandibu-
lar second molar to the entire ascending ramus, including 
abnormal remodelling of the left condyle. Given the exten-
sive size of the lesion and the complete cortical erosion at 
multiple sites on both the buccal and lingual aspects, re-
sective surgery was deemed the most appropriate treatment 
approach 5. A CT scan of the head and neck, along with a 
CT angiography of the lower limbs, was performed to as-
sess the anatomy and vascular supply for potential fibular 
flap harvesting. Due to vascular anomalies of the right leg, 
a peroneal artery dominance associated with hypoplasia of 
the anterior tibial artery, it was decided to harvest the fibula 
flap from the left leg. VSP (Fig. 1) was performed to design 
a custom EASY-WEAR-OFF CAD/CAM PSI double-bar-
rel double-plate fibula flap (Corios Network®). The patient 
underwent a segmental mandibulectomy with the assis-
tance of custom-made cutting guides, followed by immedi-
ate mandibular reconstruction using the PSI double-barrel 
fibula flap (Cover figure and Figure  1). The flap showed 
no signs of vascular compromise. Six months postopera-
tively, the upper plate was removed under local anaesthe-Figure 1. VSP of mandible resection and reconstruction.
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sia (Fig. 2A), and dental implants (GlobalD®) were placed 
during the same procedure. Three months later, a free skin 
graft harvested from the clavicular region was used to gen-
erate a continuous band of keratinised mucosa around the 
implants. The implants were then loaded during the same 
procedure (Fig. 2B). Following complete mucosal healing, 
the definitive prosthesis was delivered (Fig. 2C). No early 
or late complications were observed during the follow-up 
period. This strategy was particularly suitable considering 
the patient’s young age and the absence of any indication 
for adjuvant radiotherapy. 

Results
The EASY-WEAR-OFF CAD/CAM PSI double-barrel 
double-plate consists of a lower long-barrel reconstruction 
plate, which incorporates 3 fibula flap segments, and an 
upper short-barrel plate, which incorporates one segment 
(Fig. 1, Cover figure). The segment on the upper plate is 

the most proximal (Fig.  3). The pedicle was anastomo-
sed end-to-end to the facial artery, 1 cm from the external 
carotid artery, and the 2 veins were anastomosed end-to-
end to 2 vessels from the thyrolingual trunk (Fig. 4). The 
lower plate comprises 2 horizontal segments, along with a 
vertical segment attached at an obtuse angle. This obtuse 
angle mirrors that of the original mandible, defined by a 
horizontal line extending from the body of the mandible 
to a vertical line at the centre of the condylar head. The 
most distal fibular segment functioned as a neocondyle 
and was positioned in direct contact with the articular 
disc, which was preserved in situ. This design allowed the 
reconstructed mandibular ramus-condyle unit to replicate 
the patient’s original mandibular morphology as closely as 
possible. The upper plate includes a segment of the same 
length as the first inferior segment. The inferior plate is 
equipped with 4 holes and 4 screws for attaching the flap 
to the remaining mandible, and 12 holes and 12 screws 
to secure the 3 segments of the flap. The upper plate is 

Figure 2. A) Removal of the upper plate; B) Free skin graft and implants loaded; C) Final prothesis.

Figure 3. Fibular flap showing the CAD/CAM designed cutting guide 
and planned osteotomy segments.

Figure 4. Free fibular flap fixated on the mandible; on the right the ar-
tery (red arrow) and vein (blue arrow) are visible.
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composed of 3 components: the first connects the upper 
barrel to the mandible with 3 holes and 3 screws, the sec-
ond part secures the upper barrel with another 3 holes and 
3 screws, and the third part consists of 2 vertical rods that 
link the upper plate to the lower barrel. These rods overlap 
the lower barrel and are secured with 2 holes and 2 screws. 
The fibula flap was successfully integrated, with no plate 
exposure or infection observed. After 6 months, the upper 
plate was removed under local anaesthesia, while the low-
er plate remains in place without causing any discomfort. 
No complications have been reported.

Discussion 
The fibula free flap is widely regarded as one of the most 
reliable and versatile options for mandibular reconstruc-
tion, particularly in cases involving extensive defects re-
sulting from oncologic resection or traumatic injury. Its 
advantages lie in the considerable length and favourable 
cortical bone quality, which provide excellent structural 
support for mandibular contour restoration and facilitate 
osseointegration of dental implants. Furthermore, the flap 
can be harvested with a skin paddle or soft tissue com-
ponent, enabling simultaneous reconstruction of both in-
traoral and extraoral defects when necessary  4. In recent 
years, the integration of VSP has significantly improved 
the precision and predictability of fibula flap reconstruc-
tions. Compared to traditional freehand techniques, VSP 
enables preoperative simulation, accurate osteotomy plan-
ning, and the use of patient-specific cutting guides. These 
advancements have resulted in improved functional and 
aesthetic outcomes, reduced operative time, and better 
alignment of bony segments 6. Different types of fixation 
techniques of the fibula flap have been described in the 
literature. However, there are few studies that thoroughly 
describe the fixation methods used in the double-barrel 
technique, including the types of plates and screws em-
ployed, and the criteria for selecting one approach over 
another. This lack of detailed comparative data limits the 
ability to standardise surgical protocols and makes it more 
difficult for surgeons to base their choices on evidence-
based guidelines. As a result, fixation strategies often rely 
on individual experience and institutional preferences.
This literature review was conducted using the PubMed, 
Embase, Scopus, and Web of Science databases. A total 
of 13 articles were included to identify and summarise the 
various fixation techniques described in the literature. For 
each fixation method, only one or 2 representative articles 
were cited (Tab. I).

One commonly used technique involves stabilising the seg-
ments of the lower barrel with a mandibular reconstruction 
plate, while the upper barrel segments are typically connected 
using mini-plates. Notably, there is no structural linkage be-
tween the lower and upper barrels 7,8. Although this is a well-
established technique, the absence of a connecting plate leads 
to limited structural integration between the 2 levels. This dis-
continuity may affect the overall biomechanical stability of the 
construct, particularly under functional load, potentially influ-
encing the long-term success of the reconstruction. In other 
cases, the upper barrel can be connected with the lower one 
with mini-plates 9. A single-double-single barrel (1-2-1) fibula 
free flap has also been reported for Brown Class III mandibular 
reconstruction 10. However, this technique may not be suitable 
for all defect morphologies or patient conditions. An alterna-
tive approach involves the combination of vascularised and 
non-vascularised fibular segments: the vascularised portion 
reconstructs the superior alveolar ridge of the neo-mandible, 
while the non-vascularised segment is used to recreate the 
inferior mandibular border 11. Although this method seeks to 
balance vascular supply with structural integrity, the non-vas-
cularised portion carries a higher risk of resorption or failure 
due to its limited blood supply.
Another fixation method involves the use of a titanium 
mesh to secure the upper barrel to the lower one. According 
to the authors, the titanium mesh prevents soft tissue from 
collapsing and infiltrating the graft material 12.
Additionally, a 3-dimensional Bologna plate has been pro-
posed as an alternative to the double-barrel technique. This 
system mimics the double-barrel configuration, but replac-
es the lower fibular segment with a CAD-CAM–designed 
titanium plate that offers mechanical support and anchor-
age for the flap 13,14. This approach simplifies the procedure 
and reduces the need for multiple vascularised bone segments, 
though it may not offer the same biological integration. 
Another technique involves the use of long screws for inter-
nal fixation between the upper and lower barrels, avoiding 
the use of mini-plates and mini-screws. In this method, the 
reconstruction plate supports the upper barrel, and the low-
er barrel is secured directly to it using long screws 15,16. This 
reduces the number of plates and screws used but demands 
high technical precision and may compromise mechanical 
stability, especially under functional load. 
In contrast, another study shows fixing the lower barrel 
with a reconstruction plate, while the upper barrel is at-
tached to the lower one using screws  17. This technique 
allows fixation with fewer plates, but again requires me-
ticulous execution and may be less robust in resisting mas-
ticatory forces.
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On the other hand, Yang et al.  18 and Antúnez-Conde et 
al. 19 described the use of a single CAD/CAM plate. In the 
single-plate method, vertical rods are employed to stabilise 
the fibula segments and maintain the vertical height of the 
reconstructed mandible. The advantages include the use of 
a CAD-CAM PSI double-barrel fibula flap which offers en-
hanced structural stability and minimises the need for in-
traoperative adjustments. This approach allows for precise 
preoperative planning and optimal anatomical fit, improv-
ing both functional and aesthetic outcomes. By reducing 
manual plating during surgery, it also shortens operative 
time and increases flap viability  20. However, a limitation 
of this approach arises during dental implant placement. In 
some cases, there may be insufficient space to insert im-
plants without first removing the plate. Plate removal typi-
cally requires general anesthesia and a more invasive surgi-
cal procedure, increasing the risk of infection, postoperative 
oedema, and patient discomfort. The EASY-WEAR-OFF 
CAD/CAM PSI double-barrel double-plate system ad-
dresses these limitations by enabling the upper plate to be 
removed under local anaesthesia via a minimally-invasive 
procedure. This significantly reduces overall surgical trau-
ma and facilitates faster postoperative recovery. Addition-
ally, it eliminates the need for a secondary procedure un-
der general anaesthesia and shortens the overall prosthetic 
rehabilitation timeline by allowing for implant placement 
during the same surgical time.

To further enhance the quality of peri-implant soft tissue, a 
free skin graft was harvested from the clavicular region 21. 
Peri-implantitis commonly arises due to insufficient soft 
tissue coverage or inadequate bone volume and quality. 
In our clinical experience, outcomes have remained stable 
over a 5-year follow-up period, with no signs of bone re-
sorption or peri-implantitis. The final result of the mandib-
ular reconstruction demonstrated successful remodelling 
of the distal fibula flap segment, leading to the formation 
of a neocondyle and restoration of satisfactory mastica-
tory function, with a maximum mouth opening greater 
than 3 cm (Fig. 5).

Table I. Different fixations techniques.

Study Fixation technique Description

He et al. (2011) 7, Chang et al. 
(2011) 8

Classic double-barrel (unlinked) Lower barrel stabilised with a reconstruction plate; upper barrel fixed 
with mini-plates; no structural linkage between barrels

Chen et al. (2019) 9 Mini-plate linkage between barrels Upper barrel connected to lower barrel using mini-plates

Pu et al. (2025) 10 1-2-1 (single-double-single barrel) A fibula flap arranged in a single-double-single barrel configuration, 
used for Brown Class III defects

Lin et al. (2019) 11 Vascularised + non-vascularised fibular segments Vascularised segment used for alveolar ridge; non-vascularised segment 
used to reconstruct mandibular border

Okbra et al. (2025) 12 Titanium mesh Lower barrel stabilised with a reconstruction plate; upper barrel 
connected to lower barrel using a titanium mesh

Tarsitano et al. (2023-
2021) 13,14

3D Bologna titanium plate Custom-shaped titanium plate mimics the lower barrel of a double-barrel 
fibula flap

Qu et al. (2017), Wang et al. 
(2013) 15,16

Long screws for internal fixation (no mini-plates) Upper barrel supported by reconstruction plate; lower barrel fixed to it 
using long screws

González-García et al. 
(2008) 17

Long screws for internal fixation (no mini-plates) Lower barrel stabilised with reconstruction plate; upper barrel fixed to 
lower using screws

Yang et al (2020) 18, Antúnez-
Conde et al. (2021) 19

Single CAD/CAM plate with vertical rods One custom plate with vertical rods supports both barrels and maintains 
vertical dimension

Figure 5. Orthopanoramic at 5-year follow-up; osteointegration of the 
implants and new left condyle.
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Conclusions 
Various techniques for synthesising and stabilising the dou-
ble-barrel flap to the mandible have been described in the 
literature. The use of CAD/CAM prostheses is associated 
with improved aesthetic and functional outcomes, while 
also reducing operative time. Implant-based rehabilitation 
is essential for patients, as it restores key functions such as 
mastication, speech, occlusion, and facial aesthetics.
The use of the EASY-WEAR-OFF CAD/CAM PSI double-
barrel double-plate system ensures primary stability of the 
bone segments, creating optimal conditions for osseous con-
solidation during the initial healing phase. Additionally, the 
upper component of the double-plate structure is specifically 
designed for easy removal under local anaesthesia at the time 
of implant placement. This feature enables a minimally-inva-
sive approach, reduces patient morbidity, and enhances the 
overall efficiency of the prosthetic rehabilitation process.
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