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a b s t r a c t

Vertical augmentation of the mandible to prepare dental implant therapy is still a challenge, especially
with large mandible defects. Reconstruction with fibula free flap is a regularly applied approach in such
cases, but it does not always yield optimal results: the resulting crestal height might differ significantly
from the crestal height of the patient's intact bone, which makes esthetic and functional rehabilitation
difficult. Osteodistraction of the integrated flap is a known but rarely discussed approach where the
already integrated flap undergoes additional distraction. Through the four cases reported here, we would
like to demonstrate that the osteodistraction of the transplanted fibula free flap is a useful and efficient
method of secondary augmentation for cases where the flap itself fails to produce the desired crestal
height, and no other method is applicable. The cases show that the method allows outcomes that are
highly satisfactory, both in the functional and esthetic sense.
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-

Facial Surgery. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
1. Introduction

Surgical rehabilitation of the atrophic alveolar ridge is often
necessary prior to dental implant placement. GTR (guided tissue
regeneration) procedures used for lateral bone ridge augmentation
provide excellent results with minimal risks. The same is not true
for the vertical dimension. This is so because it is challenging to
achieve tension-free suturing and the stability of the graft material
is unpredictable over time (Jensen et al., 1995; Simon et al., 2000;
Sheikh et al., 2015). Osteodistraction is an approach to vertical
augmentation without these difficulties (Natu et al., 2014). As the
osteotomized bone segments are slowly pulled apart, the intact soft
tissue provides an ideal environment for the formation of new
bone. As the circulation of the osteotomized segments is partially
maintained via the periosteum, less bone volume is lost than with
GTR. A further advantage is that the expansion of the surrounding
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soft tissues is proportional to bone growth (Ilizarov, 1989b, a; Suhr
et al., 2004). A major disadvantage of osteodistraction, however, is
that it is time-consuming andmay be uncomfortable to the patient.

In our clinical practice, fibula free flaps are used to reconstruct
extensive mandibular hard- and soft tissue composite defects, as
they allow the reconstruction of even an entire mandible if
necessary (Flemming et al., 1990; Hidalgo and Rekow, 1995; Bahr
et al., 1998; Wei et al., 1999). Major advantages of fibula free flap
include that it provides a long vascular pedicle, and that the
diameter of the artery and veins surrounding the fibula correspond
with the diameter of the arteries and veins in the neck region. The
main disadvantage is that the vertical height of the harvested bone
(1.3e2.3 cm) and that of the patient's mandible may differ
considerably, especially in younger patients (Disa et al., 1997; Ferri
et al., 1997). Such cases necessitate secondary vertical
augmentation.

Annually, an average of 15 mandible reconstruction surgeries
are performed in our practice with the fibula free flap approach.
Approximately every other patient receives full mouth rehabilita-
tion with implant-retained restorations following mandibular
reconstruction. In this case series, four cases are presented. In all 4
cases, there was a large difference in the vertical height between
ion for Cranio-Maxillo-Facial Surgery. This is an open access article under the CC BY
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Fig. 1. Case 1. Panoramic x-ray images. Top: at the beginning of osteodistraction; Middle: at the end of osteodistraction; Bottom: at the 8-year follow-up.
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the patient's healthy mandible and the bony segment of the vas-
cularized fibula flap, which necessitated vertical augmentation
prior to implant placement to achieve satisfactory prosthetic re-
sults. In all the presented cases, the reconstructed mandibular
segment was longer than 11 cm. Therefore, the duplication of the
1045
fibula free flap, the “double barrel technique” was not possible at
the time of the primary surgery (Bahr et al., 1998), and another
approach had to be found to restore the vertical dimension. To
reach that end, distraction of the fibula flap was performed.



Fig. 2. Case 1. Clinical presentation at the 8-year follow-up.

Fig. 3. Case 1. The dental work and its surroundings at the 8-year follow-up.
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The various methods of vertical augmentation of the alveolar
ridge for the purpose of dental rehabilitation, including osteodis-
traction of the fibula free flap, arewell documented in the literature
(Nocini et al., 2000; Klesper et al., 2002; Saulacic et al., 2008; Wang
et al., 2015; Saito et al., 2018). Long-term reports with both hard-
and soft tissue outcomes, however, are scarce in the literature.
Sometimes the cases are not followed up (Nocini et al., 2000;
Xingzhou et al., 2020), or if they are, the usual follow-up period is
typically 2e3 years, but no longer than 5 years (Klesper et al., 2002;
Ortakoglu et al., 2006; Cheung et al., 2011; Wang et al., 2015). It is
also often a problem that the management of the soft tissues is not
documented to a satisfactory degree and/or the condition of the
soft tissues is not followed up. The retrospective study of Wang and
colleagues is awelcome exception, but again, with a relatively short
follow-up period (Wang et al., 2015). This case series includes cases
with 7 and 8 years of follow-up. Our aimwas to analyze these cases
in terms of long-term function and esthetics, considering the
condition of both the hard and soft tissues.
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2. Case report

2.1. Ethical approval

Ethical approval to report these cases was obtained from the
Institutional Research Ethics Committee of the B�acs-Kiskun County
Hospital (No. 2/20.09.02.). Written informed consent was obtained
from all four patients for their anonymized information and images
to be published in this article.

2.2. Treatment

Osteodistraction of the fibula flap was always performed as the
first step of rehabilitation, one year after the reconstructive surgery
or the last radiation therapy session (where radiotherapy was
applied). An intraoral incision was made at the junction of the
alveolar ridge and the buccal vestibule taking extreme care to keep
the lingual and ridge periosteum intact. The osteotomies were
carried out using a piezoelectric system, and following the place-
ment of the distraction device its correct function and movement
were monitored until removal. The patients then received a course
of antibiotics for 7 days (amoxicillin and clavulanic acid, 1000 mg,
per os). 10 days after the surgery, the activation of the distraction
device was initiated, and the patients were instructed to activate
the device twice a day, resulting in vertical expansion at the rate of
1 mm/day. The activation period was followed by a 3-month
consolidation period without the distraction device. Prosthetic
rehabilitation was the last stage of treatment. All patients received
implant-retained fixed prosthetics.

2.3. Case 1

The mandible defect of this 34-year-old male patient arose as
the result of multiple surgeries to treat a large keratocyst on the left
side of his mandible. Segmental mandible resectionwith fibula free
flap reconstruction was performed. The reconstruction was suc-
cessful, but there was a marked difference in the vertical height
between the reconstructed and the intact sides, which could have
interfered with the success of the prosthetic treatment. To increase
the vertical height of the reconstructed segment, osteodistraction



Fig. 4. Case 2. Panoramic x-ray images. Top: at the beginning of osteodistraction; Middle: at the end of osteodistraction; Bottom: at the 1-year follow-up.
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Fig. 5. Case 2. Clinical presentation at the 1-year follow-up. Fig. 6. Case 2. The dental work and its surroundings at the 1-year follow-up.
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of the fibula flap was performed in the premolar-molar region. This
way, 10 mm vertical augmentation was achieved (Fig. 1 top and
middle). Following the removal of the distraction device, it was
found that the width of the anterior part of the augmented bone
tissue was insufficient for implant therapy, therefore lateral
augmentation was necessary. For that purpose, guided tissue
regeneration was performed, using resorbable collagen membrane
and a mixture of autogenic (intraoral) and xenogenic grafting ma-
terial. When the osseointegration of the lateral augmentation was
confirmed, 3 dental implants were placed, which successfully in-
tegrated 3 months after their placement. At the time of the expo-
sure of the implants, free palatal autograft was used for
augmentation around the implants to improve aesthetics. The pa-
tient received fixed dental restoration a month later. The patient
has been followed up for 8 years (Fig. 1 bottom, Figs. 2 and 3).
2.4. Case 2

Similar to Case 1, this 23- year-old male patient underwent
multiple surgeries to remove a keratocyst located on the right side
of the mandible. The course of his therapy was also quite similar.
The definitive treatment was segmental resection of the right side
of the mandible, followed by microsurgical reconstruction with
fibula free flap. The outcome was fine in the surgical sense, but
again, there was a marked difference in the vertical dimension
between the reconstructed and the intact sides. To correct this,
osteodistraction of the fibula flap from the canine to the molar
region was performed, and 12 mm vertical augmentation was
achieved (Fig. 4 top and middle). When the distracting device was
removed, the same problem was seen as in Case 1: the horizontal
bone volume in the anterior region of the reconstructed segment
was insufficient for implantation, so the treatment continued with
lateral augmentation of this region. The procedure was the same as
in Case 1. When integration was verified, 4 dental implants were
placed, which successfully integrated by the 3rd month after
placement. At the time of the exposure of the implants, free palatal
autograft was used for augmentation around the implants to
improve aesthetics. The patient received fixed dental restoration on
the implants one month later. The patient has been followed up for
1 year now (Fig. 4 bottom, Figs. 5 and 6).
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2.5. Case 3

The 27-year-old female patient underwent partial mandible
resection as definitive surgical treatment for ameloblastoma infil-
trating the intraoral soft tissues. Reconstruction was carried out
using fibula free flap with skin pedicle on the left side of the
mandible, in the premolar-molar region. Height difference between
the reconstructed segment and the patient's own remaining bone
necessitated vertical augmentation of the fibula flap with an alve-
olar distractor. 10 mm vertical augmentation was achieved (Fig. 7
top and middle). After bone healing, the device was removed, and
the patient received 3 implants in the treated area immediately.
When osseointegration was verified, the implants were exposed,
and the patient received a fixed dental restoration. Peri-implant
soft tissue management was done by thinning the subcutaneous
fat of the skin pedicle of the flap, so no additional grafting was
necessary. The patient has been followed up for 4 years (Fig. 7
bottom, Figs. 8 and 9).
2.6. Case 4

The 42-year-old male patient was diagnosed with malignant
fibrous histiocytoma of the mandible, and he underwent hemi-
madibulectomy followed by fibula free flap reconstruction. He
received radiotherapy after the reconstructive surgery. It was
obvious that the height difference between the reconstructed part
and the patient's own bonewould need to be corrected, but it could
not happen earlier than one year after the last exposure to radia-
tion. The alveolar distraction device was placed 12months after the
last radiotherapy session. Five days after activation, though, the
surrounding soft tissues swelled up and the patient complained of
pain, which raised the possibility of infection. The distraction pro-
cess was halted immediately (with the device in place) and anti-
biotic therapy was initiated (Amoxicillin þ clavulanic acid, 1000
mg, twice a day for 7 days). As expected, the symptoms resolved,
and it was possible to continue the distraction 14 days later. 10mm
vertical augmentation was achieved (Fig. 10 top and middle). 6
months after the removal of the device, the patient received 3
implants in the treatment area. Peri-implant soft tissue manage-
ment was donewith keratinized tissue harvested from the patient's



Fig. 7. Case 3. Panoramic x-ray images. Top: at the beginning of osteodistraction; Middle: at the end of osteodistraction; Bottom: at the 4-year follow-up.
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Fig. 8. Case 3. Clinical presentation at the 4-year follow-up.

Fig. 9. Case 3. The dental work and its surroundings at the 4-year follow-up.
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own palate. As the last step of the prosthetic treatment, the patient
received a fixed dental restoration. The patient has been followed
up for 7 years now (Fig. 10 bottom, Figs. 11 and 12).
3. Discussion

In this case series, we reported on the short-, medium- and
long-term follow-up of patients having undergone osteodistraction
of the fibula flap as a secondary intervention to restore crestal
height and allow implant therapy. To our knowledge, we are the
first to report such cases with a follow-up period longer than 5
years. In all four cases, osteodistraction of the fibula flap combined
with implant therapy was successfully applied to correct the
mandible defect and rehabilitate the patients both functionally and
esthetically. No bone loss (as evidenced by OPT scans) or peri-
implant soft tissue inflammation was observed in any of the pa-
tients during the follow-up. The esthetic aspect is especially
important in these cases, as for these relatively young patients (all
under 50, with a mean age of 31.5 years) good esthetics can be a
major determinant of psychosocial well-being.

There are multiple surgical options available for the recon-
struction of composite oral and maxillofacial defects (Torroni et al.,
2015; Yao et al., 2020). The most commonly used donor sites
include the iliac crest, the radial forearm, the scapula and the fibula
1050
(Disa et al., 2000; Valentini et al., 2009;Myeroff et al., 2011; Lodders
et al., 2021). The radial free flap has the advantage of a long vascular
pedicle, but its clinical vertical bone gain is expected to be only
4e6mm. A further disadvantage is the risk of radial fracture,
because of which it is strongly advised to perform titanium plate
osteosynthesis as a preventive measure (Militsakh et al., 2005;
Loeffelbein et al., 2012). The iliac donor site is especially popular
because of the amount of transplantable bone it offers (Myeroff
et al., 2011). Popular as it may be, it does not come without draw-
backs: the vascular pedicle is normally much shorter than optimal,
the complications may be severe as compared to the fibular donor
site (Huemer et al., 2004), and the bone volume is characterized by
a higher reduction rate (Ritschl et al., 2020). The scapular free flap
carries fewer risks, but the vascular pedicle is usually short and
sometimes requires venous interpositional grafting. Furthermore,
the harvestable bone is only monocortical, and bone quantity is
poor compared to the fibula (Lanzer et al., 2015).

The fibula free flap has numerous advantages. Most importantly,
the bone gain may be as much as 1e2 cm, which may be amplified
up to 4 cm with the double barrel technique (Bahr et al., 1998).
However, the technique is of limited use for long defects (approx-
imately >10 cm in the antero-posterior dimension), as the length of
the vascular pedicle allows no more. Weighing the disadvantages
against the advantages, the fibula free flap may still be considered
the best approach to large mandible defects, because it allows the
harvesting of bicortical bone, the restorable length and achievable
shape is still excellent as compared to the other techniques, and the
complication profile of this technique is the most acceptable when
compared against that of other microvascular composite flaps
(Attia et al., 2019; Awad et al., 2019; Modabber et al., 2019; Dean
et al., 2020). There are some cases where the height of the recon-
structed bone tissue and the vertical dimension of the mandible
differ significantly and therefore secondary vertical augmentation
is necessary to reduce the height difference. If the difference is > 6
mm, GTR is not safe, due to the increased risk of wound opening
and resorption.

In such cases, osteodistraction of the flap is still an option. It is
free of the risks of GTR, and it allows considerable bone gain (Cope
et al., 2000; Ow et al., 2008; Andrade et al., 2011), therefore a closer
to optimal implant-to-crown ratio may be achieved - a key factor of
proper function over a long period of time. Peri-implant soft tissues
can also be managed a lot easier with this approach, which reduces
the risk of periimplantitis (Lodders et al., 2021). On the negative
side, it is time-consuming and may be uncomfortable for the



Fig. 10. Case 4. Panoramic x-ray images. Top: at the beginning of osteodistraction; Middle: at the end of osteodistraction; Bottom: at the 7-year follow-up.
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Fig. 11. Case 4. Clinical presentation at the 7-year follow-up.

Fig. 12. Case 4. The dental work and its surroundings at the 7-year follow-up.
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patient. Still, it is a very predictable and efficient procedure, as
evidenced by the presented cases. Even patients having undergone
radiotherapy are eligible for this procedure (as seen in Case 4), but
such patients must be assessed and monitored with extreme care.
1052
4. Conclusions

The outcomes suggest that in the case of large mandible defects,
fibula free flap with secondary distraction of the flap is a safe and
reliable approach to the surgical rehabilitation of the atrophic
alveolar ridge prior to dental implant therapy. In all cases, the
method yielded lastingly favorable outcomes, both functionally and
esthetically.
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