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Abstract: The reconstruction of mandibular defects is essential to restore facial function and aesthet-
ics in patients undergoing mandibular resections, a treatment indicated in approximately 41.8% of
ameloblastoma cases. This study presents a secondary approach to partial mandibular reconstruc-
tion using a rib bone graft in the left mandibular body region of an adult female patient who under-
went surgical resection of an ameloblastoma in 2019. Ten months postoperatively, the patient has
shown reasonable maintenance of bone graft volume. The rib graft proved to be a viable surgical
technique for mandibular reconstructions in centers lacking specialized teams for harvesting from
other donor sites, as evidenced by this case and cited literature.
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1. Introduction

The evolution of mandibular reconstruction reflects a continuous pursuit of im-
proved techniques and outcomes. The first documented autogenous graft, performed in
1821 by Von Walther, laid the groundwork for future advancements in the field of bone
grafting. Conversely, the discovery of anesthetics and antibiotics, along with sterilization
techniques, improved surgical success rates. Subsequent efforts focused on free non-vas-
cularized grafts from distant sites, such as the tibia and iliac crest, fixed with titanium
metal plates. In 1950, Converse documented the use of multiple grafts for maxillary and
mandibular defects, but complications arose due to radiotherapy, which increased the risk
of infection and graft resorption [1].

The main etiological factors of mandibular defects include tumor resection, such as
ameloblastoma, maxillofacial trauma, infections like osteomyelitis, and osteoradionecro-
sis. The treatment of these conditions can result in bone defects that affect masticatory
function, speech, and facial aesthetics, requiring specialized treatments to restore both the
form and function of the mandible [2]. The primary treatment for ameloblastoma is sur-
gical and can be classified into conservative and radical methods. Approximately 41.59%
of these tumors are treated with radical approaches, presenting an 8% recurrence rate,
while the conservative approach has a recurrence rate of 41%. Although radical resection
is superior to the conservative approach in preventing recurrences, it usually causes se-
vere sequelae due to the extensive resection of pathological bone tissue. On the other
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hand, bone reconstructions reduce postoperative morbidity and provide improvements
in the patient's quality of life [3,4].

The most commonly used donor sites for this purpose are the iliac crest (76.1%), fol-
lowed by the ribs (16.2%) and the fibula (5.6%) [5]. Although iliac crest grafts are widely
used, in facilities where professionals with experience in this type of harvesting are not
available, rib graft rehabilitation can be chosen. This method is simple, quick, and yields
excellent results [5,6]. Bone reconstruction associated with meticulous surgical planning
and technique elevates the patient's favorable prognosis. Thus, the importance of surgical
methods that focus not only on the excision of pathological tissue but also on the mainte-
nance of functionality and aesthetics is highlighted [7].

Given this, the objective of this study is to report the case of a patient who underwent
mandibular bone reconstruction with an autogenous rib bone graft and discuss the feasi-
bility of this technique in facilities where specialized teams for harvesting from other do-
nor sites are not available.

2. Case Report

A 44-year-old female patient presented to the Oral and Maxillofacial Surgery Depart-
ment at José Martiniano de Alencar Hospital and Maternity (Fortaleza, Ceara) with a his-
tory of segmental resection of an ameloblastoma in the mandible in 2019 and immediate
placement of a 2.4 mm plate without bone reconstruction. Clinically, significant mobility
was noted in the left mandibular body region, associated with pain. Computed tomogra-
phy (CT) revealed a bone defect of approximately 5 cm, as well as displacement of the
reconstruction plate from the distal bone stump, likely induced by local muscle activity
(Figure 1). No signs of tumor recurrence were observed on the CT scan.

Figure 1. Three-dimensional reconstruction of preoperative CT. Frontal view (A), right
view (B), left view (C), showing a bone defect in the left mandibular body region and
anterior displacement of the bone fixation material.

The surgical planning consisted of performing mandibular reconstruction with a rib
graft and fixation using a 2.4 mm "Locking" system plate. To facilitate the molding of the
reconstruction plate, prototyping was performed based on the patient's CT scan to opti-
mize planning and reduce surgical time. Three prototypes were created: the first was an
exact reproduction of the mandible with the bone defect, the second was a mirrored image
of the contralateral (healthy) mandible, using the mirroring feature of MeshMixer® soft-
ware (Version 3.5.0, Autodesk) (Figure 2), and the third corresponded to the graft, serving
as a guide for both graft cutting and plate fixation and modeling.

A bone segment from the 6th left costal arch was harvested by the General Surgery
team (Figure 3). During the procedure, a pleural injury was observed and sutured without
further complications.
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Figure 2. A and B. Virtual planning images for the creation of the mirrored prototype.

Figure 3. Rib Graft Harvesting. A. Removal of the 6th costal arch by the General Surgery
team. B. Harvested rib bone segment.

After maxillomandibular fixation, the 2.4 mm system plate was installed along with
the graft prototype, which served as a guide for the final position of the reconstruction
plate (Figure 4). The rib graft was then prepared with some perforations in its lateral and
cortical areas and divided according to the dimensions of the prototype. The two halves
were overlaid to increase thickness and subsequently fixed to the plate. Layered suturing
was performed to prevent the formation of dead space.

In the immediate postoperative (PO) period, a chest X-ray showed no signs sugges-
tive of pneumothorax. At 15 days PO, left mandibular branch paresis of the facial nerve
was observed, but there were no other complications, such as dehiscence or infection of
the surgical sites. The patient has been under follow-up for 10 months PO, with complete
recovery of VII cranial nerve function, as well as maintenance of facial aesthetics and mas-
ticatory function.

At the CT scan performed during this period, the rib graft showed good radiological
integration, defined in this case as a continuous homogeneous area between the native
bone and the graft. Areas of resorption and remodeling were concentrated in the central
portion of the graft. The remaining volume of the grafted area was 12.4 mm in height, 9.24
mm in the anterior portion, and 5.03 mm in the posterior portion in width. The smallest
width, 4.52 mm, was measured in the central portion of the graft. Although almost all of
the lingual segments of the graft had resorbed, CT reconstructions showed satisfactory
bone volume and maintenance of facial contour (Figure 5).
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Figure 4. Intraoperative view. A. Fixation of the pre-molded plate and rib biomodel in the
patient. B. Positioning of the graft in the surgical site with satisfactory adaptation to the
bone defect.

Figure 5. A, B, and C. 3D reconstruction of the postoperative CT scan at nine months,
showing maintenance of bone volume and contour.

3. Discussion and conclusion

The graft provides the necessary structural and aesthetic support for the patient's
recovery and allows for future dental rehabilitations. For defects larger than 6-7 cm and
in complex clinical situations, such as recipient sites with compromised blood perfusion,
vascularized grafts are preferred due to their greater survival rates and osseointegration
[5]. In the present case, the defect size was less than 6 cm, making the choice of a free rib
graft an appropriate treatment option.

Iliac crest grafts are known to provide good aesthetic results, with satisfactory bone
contour and volume. Their quality is evidenced by the amount of marrow and cortical
bone, and the curvature similarity to the mandible makes it the donor site preferred by
many authors. However, it has the disadvantage of significant donor site morbidity [5].
In the reported case, the patient did not experience any discomfort, pain, or respiratory
difficulties in the donor site region postoperatively. This advantage arises because costo-
chondral graft harvesting results in substantially less morbidity compared to iliac crest
harvesting [8].

The fibula, on the other hand, is widely used due to its strength, length, and tubular
structure, which contribute to greater resistance to resorption because of the graft's ro-
bustness. However, these grafts have reduced height and risks of sequelae such as diffi-
culties in the extension and flexion of the first toe [9]. The main indications for free rib
graft reconstruction are defects in the mandibular angle and ramus regions, as they adapt
well to these recipient sites. Additionally, transferring cartilage tissue, as in costochondral
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grafts, is beneficial for reconstructing the temporomandibular joint (TM]) in children, con-
sidering the graft's growth potential in developing patients [5,6,10]. In the reported case,
cartilage harvesting was not performed since TMJ reconstruction was unnecessary.

Facial aesthetics is an important consideration. In this regard, rib grafts provide sat-
isfactory results as their anatomy supports shape and symmetry, requiring minimal ad-
justments and refinements for adaptation to the bone defect [6]. Beyond aesthetic recov-
ery, the choice of the donor area should also be based on the patient's specific needs and
the characteristics of the defect to be reconstructed, aiming to optimize results [2,11]. The
donor site was chosen due to the lack of professionals with technical training and experi-
ence in harvesting iliac crest and fibula grafts. Additionally, the choice of a rib graft was
influenced by the need for a graft that would provide appropriate size and shape for man-
dibular body reconstruction, as the anatomy of the rib graft is compatible with this re-
quirement.

A 2013 study evaluated 50 patients undergoing extensive mandibular tumor resec-
tions followed by reconstructions using rib grafts. Success rates were analyzed in terms of
shape, function, symmetry, and aesthetics, showing that 90% of patients achieved good to
excellent results. The authors concluded that in centers with limited specialists proficient
in specific surgical techniques for graft harvesting, rib graft reconstruction is a suitable
alternative due to ease of collection and reduced surgical time [6].

The limited amount of bone marrow in these grafts may compromise vasculariza-
tion, increasing the risk of resorption [5,10]. However, resorption does not appear to be a
significant issue when using split grafts. Ahmad and Shady [6] evaluated 320 patients
with lateral mandibular defects without condylar removal reconstructed with free split
rib grafts and observed 10 cases of graft resorption. Other complications included infec-
tion, graft exposure, resorption, failure of bone integration, donor site morbidity, seroma,
visible or hypertrophic donor site scars, and pleural injuries. The most frequent compli-
cation was infection, reported in 42 patients (7%), associated with intraoral wound dehis-
cence and total graft loss [6]. The patient in the reported case developed VII cranial nerve
paralysis but had no other complications such as infection, dehiscence, or graft integration
failure. Despite partial graft resorption, satisfactory bone volume and contour were ob-
served on CT after 10 months of follow-up.

Costochondral graft harvesting is associated with risks of pleural injury or, more
rarely, pneumothorax [6]. In a study involving 17 patients who underwent free rib graft
procedures, three patients experienced pleural rupture during harvesting, which was re-
paired intraoperatively with sutures without the need for chest drain placement. Judd et
al. recommend performing chest X-rays in all cases of rib graft harvesting, even when no
intraoperative injuries are identified [12]. The practices in the mentioned studies align
with the reported case, where a pleural injury was repaired intraoperatively. The absence
of pneumothorax or additional complications was confirmed intraoperatively and in post-
operative chest X-rays.

Marechek et al. [13] defined success criteria as radiographic evidence of bone conti-
nuity and stability for a minimum of four months post-surgery, along with complete heal-
ing of surgical wounds. In our case, the patient has been followed up for 10 months post-
operatively and meets the success parameters outlined by the authors [13]. Meville et al.
[14], on the other hand, established success criteria that include bone integration charac-
terized by a homogeneous radiopaque pattern continuous between native bone and the
graft, absence of mandibular mobility, and adequate grafted bone volume. CT scans were
performed six months post-surgery, and descriptive statistics were computed for each
variable. Among 30 patients with mandibular continuity defects, 27 were successful, with
an average height gain of 2.12 + 0.64 cm and width gain of 1.53 + 0.46 cm [14]. Ahmad and
Shady [6] argued that bone continuity restoration alone cannot be considered a success
criterion. For the authors, functional aspects such as articulation, speech, mastication, and
swallowing must also be considered [6]. In our case, homogeneous radiopacity between
native bone and the graft was observed. The bone volume obtained was 1.24 cm in height,
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0.924 cm, and 0.503 cm in the most anterior and posterior portions of the graft, respec-
tively. The smallest width measured was 0.452 cm in the central portion of the graft.

The rib graft demonstrated, in this case and through the cited literature, its feasibility
in mandibular reconstructions by providing bone support for masticatory function and
aesthetics, as well as allowing for future dental rehabilitations. This case highlights the
success of this technique and its ease of execution in centers without specialized teams for
harvesting from other donor sites.
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