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Abstract -- Introduction: Alveolar distraction osteogenesis (ADO) is one of vertical bone augmentation technique
used to restore the vertical bone discrepancy between the transplanted graft and the residual alveolar bone after
mandibular reconstruction. The aim of this article is to present the clinical outcomes of ADO applied to reconstructed
mandible for three patients. Observation: Three patients underwent alveolar distraction osteogenesis procedure on
mandibula reconstructed by fibula free flap (n = 2) or iliac crest free flap (n = 1). The mean bone height increase was
11mm. 16 implants have been placed in all patients, with a success rate of 100% and a mean follow-up of 25 months.
Two complications occurred without compromising the final outcome of the procedure: one fracture of the basal bone
and one bony interference, both during activation phase. Commentaries: ADO can be performed on reconstructed
mandible with free flap to restore alveolar height. An acceptable implant-to-crown ratio allows an optimal supported
implant prosthesis. The particular antecedent of our patients can lead to uncommon complications such as basal bone
fracture, but doesn’t seem to compromise implant placement with good success rate. Conclusions: ADO performed on
reconstructed mandible allows appropriate dental implant rehabilitation, achieving good esthetics and occlusal
outcomes.
Introduction

Vascularized free flap has become an indispensable
modality for aesthetical and functional reconstruction for
mandibular defects [1]. However, the insufficient height of
transplanted free flap leads to an increased interarch distance
with unfavorable intermaxillary relationship, thus, unsatisfying
prosthetic results. An unfavorable implant-to-crown ratio can
generate an overload on dental implants [2], implant fracture,
prosthetic components damages, aesthetic problems and
difficulties in maintaining oral hygiene [3].

An alveolar vertical augmentation could prevent these
outcomes, and several methods exist such as Guided Bone
Regeneration (GBR), autologous bone blocks, osteotomy and
alveolar distraction osteogenesis (ADO) [4]. Using autologous
bone graft technique for severe vertical bone atrophy leads to
higher risk of wound dehiscence with bone graft loss due to soft
tissue defect. ADO, defined by newly bone formation between
two divided bone segments gradually distracted with a
mechanical device [5], presents the advantage to expand soft
ies@hotmail.fr
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tissue at the same time [5], and to reduce postoperative
morbidity (no need of bone harvesting) [6].

The concept of ADO was introduced by Codivilla in 1905 [7].
Its first application was for orthopedic deformities of long bone
[8] by Ilizarov in 1954. Finally, Mac Carthy et al. [9], in 1992,
used it in maxillo-facial surgery.

This cases series presents the outcomes of ADO in
reconstructed mandibles for dental implant rehabilitation.
Observation (Tab. I)

From October 2016 to May 2019, three ADO was performed
in 3 male patients, 23–28 years old (mean 25 years old). They
were previously treated for ameloblastoma (n = 1) and
osteosarcoma (n = 2) using interruptive mandibulectomy
reconstructed with fibular free flap (n = 2) or iliac free flap
(n = 1). Patients’ sex and age at the time of the distractor
implantation are presented in Table I, just like the intervals
between transplantation and start of ADO.

Oral evaluation objectives an important vertical ridge
discrepancy (ranging from 15mm to 20mm) with insufficient
amount of keratinized gingiva of the reconstructed site (Fig. 1).
ttribution License (https://creativecommons.org/licenses/by/4.0), which permits
medium, provided the original work is properly cited.
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Table I. Description of the population.

Case Age
(Yo)

Gender
(M/F)

Diagnosis Treatment Type of
reconstruction

Time
(months)

1 24 M Osteosarcoma Surgical tumor resection with segmental
interruptive mandibulectomy

Fibular free flap 25

2 23 M Osteosarcoma Surgical tumor resection with segmental
interruptive mandibulectomy

Fibular free flap 21

3 28 M Ameloblastoma Surgical tumor resection with segmental
interruptive mandibulectomy

Iliac crest free flap 13

Time: Interval between mandibular reconstruction and distractor implantation.

Fig. 1. Important vertical ridge discrepancy (ranging to 15mm to 20mm) with insufficient amount of keratinized mucosa after a segmental
mandibulectomy reconstructed with fibular free flap (A: Patient n°1) (B: Patient n°2).

Fig. 2. Residual bone height mean of 12mm (A: patient n°1), 15mm (B: patient n°2), and 12mm (C: patient n°3).

Fig. 3. Implant�to-crown ratio superior to 1 for 3(A: patient n°1, B: patient n°2). A minimum bone gain of 10mmwould optimize the supported
implant prosthesis by reducing this ratio.

J Oral Med Oral Surg 2021;27:56 P. Callies et al.
Residual bone height estimated by Cone Beam CT was
satisfying (mean of 12mm) (Fig. 2), but the implant-to-crown
ratio was heightened (>1:3) (Fig. 3).

To reduce the prosthetic space for appropriate implant
rehabilitation, the same ADO protocol was applied to all
three. The procedure differed only in the locations of the
2

affected mandibular segments. These locations are listed in
Table II.

The procedure (Fig. 4) was carried out under general anesthesia
withnasotracheal intubation.Thepatientswereplacedinthesupine
position, cutaneous and intra-oral disinfection with povidone-
iodine and surgical draping were performed.



Table II. Data on resection, distraction, implants and prosthetic solution in three patients of the study.

Patient Site Length of the
distracted
segment (mm)

Bone height
before ADO
(mm)

bone height
gain (mm)

Complications
during protocol

Number of implants
in the distraction
area

1 26 13 14
Basal bone fracture
during activation 5

2 20 11 12 None 4

3 32 14 15
Blockage of distractor
device

7

Fig. 4. (a) Buccal incision � elevation of a full thickness vestibular flap with preservation of lingual mucoperiosteal attachment. (b) Two
divergent vertical and one horizontal osteotomy are performed using Piezosurgery. (c) Distractor is removed to finalize the osteotomies.
(d) Transport bone fragment is mobilized. (e) Distractor fixed into his initial position.
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Fig. 5. Significant vertical ridge augmentation allowing implant placement after distractor removal for patient n°1 (Figs 5A, 5B, 5C), for patient
n°2 (Figs 5D, 5E) and for patient n°3 (Figs 5F, 5G, 5H).
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A buccal incision was made and full thickness flap was
elevated to visualize the distraction site and anatomical
obstacles. The lingual mucoperiosteal attachment is preserved
to guarantee the vascularization of the future transport
fragment (Fig. 4a).

A mandibular distractor (KLS Martin), shaped to the planed
site using 3D printed mandible before surgery, is fixed with
screws (∅1.5mm� 5mm screw for the transport fragment and
∅2mm bi cortical screw for basal bone).

After pre drilling stage, two divergent verticals and one
horizontal osteotomy are performed using PiezoSurgery
(Fig. 4b), and the distractor is removed to finalize the
osteotomy (Fig. 4c).

After mobilizing the transport bone fragment
(Fig. 4d), the distractor was fixed into its initial position
(Fig. 4e).

The device was activated to control the absence of bony
interferences, and evaluate the distraction vector.

The flap was closed in one layer with Vicryl 3.0.
All patients received oral antibiotics for 7 days, non-

steroidal analgesics post-operatively and had appropriate oral
hygiene with 0.2% chlorhexidine mouth rinse. Postoperative
instructions included a soft diet for 2 week, and removable
prostheses were not allowed.
4

Latency phase

A five days period is required to obtain primary wound
closure and to transform the blood clot trapped in the gap into
rich collagen tissue [10].

Activation phase

Depending on the desired bone height, distraction at 1mm
per day (0.5mm� 2) [11] was applied for periods varying
between 12 and 15 days. The mechanical traction applied
on the callus stimulates its transformation into newly bone
tissue [10].

Consolidation phase

The fragment is stabilized into its final position by the rigid
device for 12 weeks, leading to the mineralization of the callus
present in the distraction gap [10].

Implant placement

At the end of the consolidation period, all patients received
endosseous implants using surgical guide under local
anesthesia (Fig. 5). The distraction device was removed at



Fig. 6. Fracture of the basal bone on either side of the distraction site
(6a), fixed with a longer basal plate of a new distractor device (6b).
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the same time. Correction of the vestibular soft tissue could
also be performed at this stage if necessary. An orthopantomo-
gram was realized after surgery to control the implant
placement (Fig. 5).

Results

Bone volume estimated by cone beam CT (CBCT) at the end
of consolidation phase quantified a mean vertical ridge
augmentation of 13.6mm (Tab. I), allowing appropriate
implant placement for all patients.

One fracture of the basal bone (Fig. 6a) on either side of the
distractor device was reported for one patient few days after
activation. A new distraction device was placed with longer
basilar plate to stabilize the fracture site at the same time
(Fig. 6b).

A premature stop of distracted fragment due to bony
interference occurred five days before the end of activation
phase for one patient, ending the ADO protocol with a 15mm
bone gain.

Despite these complications, the vertical correction of the
defect was satisfying.

16 implants have been placed in the distraction area. At
one-year follow-up for one patient and two-years for the two
others, an implant success rate of 100% according to
Albrektsson’s criteria [12] was recorded.

An acceptable crown/implant index was restored. As a
result, a convenient implant supported prothesis was achieved,
improving orofacial function (mastication, phonation, saliva-
tory capacity) and oral hygiene maintenance.
Discussion

Implant supported prosthetic rehabilitation of patients
with severe bone atrophy after tumor resection remains a
challenge, mostly because of insufficient height of the free flap
used for mandible reconstruction.

A stable and significant increase of vertical bone height
using ADO on free flap permitted an adapted implant
rehabilitation [13]. The distraction procedure has also
significantly improved the alveolar ridge anatomy and the
formation of soft tissue in the vestibulum of the affected
region. A vestibuloplasty could have been performed in the
same time as implant placement but wasn’t necesseray in those
cases.

In the present study, the follow-up period immediately
after implant insertion ranged from 12 to 25 months (average
20 months). The overall implant success rate in our study was
100% (16 of 16), which is close to the results found in the
literature (100% of survival rate and 84% of success rate
according to Wang et al. [3]).

The mean bone loss around the implant, measured on the
orthopantomograms, at one year follow up was low (<1mm).
However, the use of more precise technique such as long-cone
technique and intra-oral films should be preferable then
panoramic radiograph for implant follow-up. A clinical study of
5 cases of ADO on reconstructed mandible conducted by Cheung
et al. [14] in 2013 reported similar results, with a minimal
resorption rate ranging to 0,5mm to 1,0mm at 1 one year after
implantation with an implant success rate of 100%.

Lizio et al. [2] reported an implant success rate of 89% and
a mean bone resorption of 2,5mm with a mean follow up of 38
months. Kunkel et al. [15] reported similar results with an
implant survival rate of 90% with a mean follow up of 39
months.

One fracture of the basal fibular cortex occurred but this
complication seems to remain relatively rare for non-
reconstructed mandible as reported by Zhao and Al [8,16])
(4 basal bone fracture on 353 ADO). It is commonly related to
the mechanical weakness of the residual basal bone [17].

A premature stop of the distraction device for one patient
leaded to a 15mm bone height instead of the 20mm expected.
Knowing that iliac crest free flap owns a higher residual bone
than fibular free flap [17], the resulting implant-to-crown ratio
was still satisfying allowing correct implant placement. Slightly
divergent vertical osteotomy [15], done in these cases, is
supposed to minimize the occurrence of bony inhdrance.

Conclusion

Despite the occurrence of complications, the satisfying
results of our study support the use of ADO for the
rehabilitation of mandibular defects following tumor, but a
larger number of patients and a longer follow up period should
be considered to improve the power of our study.
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