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Introduction. Orofacial reconstruction plays an important role in the treatment of patients affected by oral and maxillofacial
cancers. Improvements in technologies and studies of biomaterials have widely expanded surgical possibilities to achieve good
functional and aesthetic outcomes. By the way, xenografting procedures gained great consensus in the last decades, because of
their documented reliability and efficacy. We present a case of anterior maxillary chondrosarcoma (CHS) that has undergone
surgical ablation followed by reconstruction with an equine-derived bone xenograft. Case Presentation. A 68-year-old woman
affected by CHS of the premaxilla underwent surgical ablation involving the four incisors followed by reconstruction using an
equine-derived bone substitute. Bony reconstruction was planned to achieve implant and dental prosthetic rehabilitation at a
second surgical time. Primary surgery was carried out without complications. Good integration of the graft was confirmed by
radiological examination. At 12-month follow-up, the patient refused the implant placement and spontaneously adopted a
mobile prosthesis. One year later, plates and screws were removed, because of the exposure of a titanium plate. The graft was
finally rejected within 3 weeks. Discussion. Nonantigenic equine-derived biomaterials have shown reliability and a good safety
profile. In the presented case, implant insertion should have been performed 12 months after the primary surgery. During the
follow-up, until dental mobile prosthesis was applied, clinical and instrumental examinations demonstrated a good integration
of the graft. We suppose that a chronic inflammation of the mucosa led to the exposure of the plate, perhaps due to pressure,
minimal movements, or imperfect fitting of the mobile prosthesis. Removal of fixation means was performed to prevent grafting
failure, without success. On the other hand, missing load could induce the graft to act just like a prosthesis, without a real
process of integration. Safety and reliability of equine-derived bone xenografts cannot be currently confirmed if not followed by
implant insertion and dental rehabilitation.

1. Introduction

Nowadays, achieving satisfactory orofacial reconstruction
has become mandatory to guarantee an acceptable quality
of life for patients presenting oral and maxillofacial cancers,
especially in cases were the alveolar process of the maxilla,
and of course the teeth, are involved in surgical ablation
[1]. Historically, prosthetic solutions were commonly used
to restore maxillary defect after ablative surgery, until free tis-
sue transfer has become the gold standard in hard and soft

tissue reconstruction due to the “like with like” criterion
[2]. In those subjects not suitable for free flaps or autologous
grafts, adequate functional and aesthetic outcomes can be
achieved choosing among several heterologous options
which gained large consensus over the last years, thanks to
lower donor site morbidity and reduction of surgical time
[3–5].

Improvement in technologies during the last decades
widely expanded possibilities in surgical reconstruction with
a number of different bone grafting procedures and
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biomaterials, such as xenogenic bone substitutes [6]. The
current literature shows the useful role of xenografting proce-
dures in bone regeneration and reconstruction, because of its
osteoconductive properties, serving like a scaffold to guide
new bone formation [7–11]. Advantages in using xenogenic
materials are represented by donor site morbidity and
operation time reduction [6]. However, long-term follow-
up evaluations are poorly documented in the literature
[12], probably due to the scarce popularity, if compared
to autologous grafting procedures. Although their efficacy
and reliability have been already discussed, researches are
still ongoing.

We present a case of upper maxillary chondrosarcoma
(CHS) resection, reconstructed by using equine-derived bone
xenograft, with a 24-month follow-up.

2. Case Presentation

A 68-year-old woman with controlled hypertension, was
referred in November 2009 at the Maxillofacial Surgery Unit
of the Second University of Naples (currently renamed Uni-
versity of Campania “Luigi Vanvitelli”). Clinically, the
patient presented a midfacial swelling, especially in the upper
lip and nasal areas. Intraoral inspection revealed swelling of
the anterior alveolar process of the maxilla between the two
lateral incisors (Figure 1), extended vertically until the ante-
rior nasal floor. Panoramic X-ray (Figure 2(a)), CT scan
(Figures 3(a) and 3(b)), andMRI (Figures 3(c) and 3(d)) doc-
umented an osteolytic lesion of the anterior alveolar process
of the maxilla, 2.5 cm in width and 3.5 cm in height, extended
cranially on the anterior maxilla and the anterior nasal floor.
Surgical procedure was performed in December 2009 in gen-
eral anesthesia, and complete removal of the neoformation
was achieved (Figures 4 and 5). Surgical defect measured
3.5 cm in width and 4 cm in height. It was restored by using
equine-derived cortical and spongy bone graft with preserved
type 1 collagenic component (OSTEOPLANT® Bioteck
S.p.A., Arcugnano, Italy) prepared starting from an equine
femoral head cut by using Pirzosurgery® (Mectron, Vicenza,
Italy), which has recently demonstrated better results among
cutting devices [13]. After implantation, the graft was fixed
bilaterally by using titanium plates and screws (Figure 6).
No soft tissue defects were present. Complete wound healing
was obtained without complications (Figure 7), and postop-
erative panoramic X-ray (performed 1 week later) showed
good fixation and stability of the graft (Figure 2(b)). CT scan
performed 5 months after surgery confirmed the adequate
integration of the graft (Figure 8).

One year after surgery, dental implant placement was
planned preoperatively, although the patient refused it and
spontaneously adopted a mobile prosthesis 6 months after
surgery. At 24-month follow-up, 20 months after mobile
prosthesis application, exposition of the left titanium plate
became clinically evident, as well as first signs of graft resorp-
tion revealed by the X-ray evaluation (Figures 2(c) and 9).
Plates and screws were removed in order to prevent complete
graft failure, but this intervention was complicated by an
ample mucosal dehiscence and graft was rejected within 3
weeks from surgery (Figures 10 and 11).

3. Discussion

Chondrosarcoma (CHS) is a primary bony malignant tumor
characterized by neoplastic cells producing hyaline cartilage
[14, 15]. Among all cases of CHS described in the literature,
only 1% are referred to the jaws [16]; thus, it is considered
a rare and poorly documented lesion [17]. This slow-
growing lesion presents high local invasiveness and mild
clinical presentation that often lead to a tardive diagnosis
with huge tumors already at the first medical observation.
The most common symptoms are swelling of the involved
area, pain, and facial asymmetry [17]. Prognosis of affected
patients is defined by histological type (six different patterns
have been described), tumor grade, recurrence, presence of
metastasis (even if really rare), and quality of the surgical
treatment [17]. Regarding treatment solutions, wide surgical
resection of the tumor is considered the gold standard, since
it is associated with the best prognosis [17].

The gold standard in maxillary reconstruction following
surgical ablation is represented by composite bony free flaps
for defects exceeding 5-6 cm in size or by autologous or het-
erologous bone grafts for smaller ones [18].

The ideal reconstruction should closely reproduce the
biological characteristics of human bone. Therefore, autolo-
gous grafting is widely considered the gold standard for the
reconstruction of posttraumatic and postoncological bone
defects, also being the only solution combining together oste-
ogenic, osteoconductive, and osteoinductive properties [19].
However, the current literature showed high variability in
respect of grade, timing, and occurrence of graft resorption
[20]; thus, autografts are considered unpredictable by most.
Moreover, they require long surgical time and have an intrin-
sic risk of donor site morbidity, teeth injuries, and iatrogenic
fractures [21]. In the presented case, this kind of reconstruc-
tion has been proposed, but the patient refused due to psy-
chological factors.

Historically, the development of alternative materials has
represented a field of great interest. Nowadays, surgeons can

Figure 1: Clinical preoperative assessment. Swelling of the
maxillary alveolar process is clearly shown just above the central
and lateral incisors.
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choose among several bony substitutes: allografts, xeno-
grafts, or synthetic materials. All these options based their
principle of function on their osteoconductive properties
[6]. Indeed, bony substitutes are acellular materials acting
like scaffolds for osteocyte migration and production of
new formed bone.

Most studies described the use of bone substitutes in
implant dentistry for alveolar ridge augmentation and not
for restoration or large maxillary oncological defects. Thus,
the presented case could be better compared with other cra-
niofacial reconstructive procedures, such as neurosurgical
cranioplasty that provides several examples of grafting proce-
dure using bone substitutes [22]. However, to the best of our
knowledge, equine-derived bone grafts have not been docu-
mented in published literature and could be considered for
further clinical trials, as it has demonstrated optimal out-
comes even in orthopedics [23].

Allografts showed adequate results in implant dentistry
as well as in other fields [20, 24, 25]. The major drawback
of this option is the risk of immunological reactions given
by the protein component. Many authors advocated the risk
of disease transmission, although it has not been reported in
published literature [26]. Allografts are obtained from
human cadavers or donors and stored in allogenic bone
banks. In the presented case, the unavailability of allogenic
bone substitutes forced us to evaluate other solutions.

The synthetic materials arouse great interest, because of
their reliable and reproducible chemical composition and
microscopic architecture [27].

PMMA is a biocompatible and resorbable substance that
allows new bone formation. However, as the substitute is
resorbed, the newly formed bone is susceptible to fractures
and is considered most suitable for restoration of small
defects [20]. Some studies advocated that bacterial contami-
nation could be responsible for biofilm formation leading to
a high risk of infections [19, 20]. The possibility of covering
this material with an antibiotic coat during the production
process seems to be able to overcome the issue [19].

The most studied materials for bone reconstruction are
calcium phosphate ceramics, as well as hydroxyapatite
(HA) and β-tricalcium phosphate (β-TCP) [27]. HA is
widely considered a useful solution in secondary cranio-
plasty, providing a stable osteoconductive scaffold for bone
regeneration, being resistant to resorption [26]. β-TCP
also bases its principle of function on osteoconductive
properties. Additionally, some studies reported an osteoin-
ductive potential and conversely to HA, it is quickly
resorbed by human osteoclasts with subsequent new bone
formation [27].

Equine-derived bone substitutes have shown optimal
results in oral surgery and a good safety profile [7, 8, 11,
28–32]. Unlike almost all other heterologous bone grafts,

(a) (b)

(c)

Figure 2: (a) Preoperative panoramic X-ray documenting an osteolytic lesion of the premaxilla. (b) Postoperative panoramic X-ray
documenting the correct position of graft and fixation means. (c) Panoramic X-ray after removal of plates and screws (24-month follow-
up) revealing signs of resorption and lower radiopacity of the graft material.
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they have also demonstrated osteoinductive properties and
the preservation of several growth factors which enhance
osteocyte colonization and new bone development [33].
We experienced satisfactory outcomes in the reconstruc-

tion of the upper and lower jaws using these bone substi-
tutes; thus, it has been chosen among the others, even
though consensus on the preferred material is lacking in
the current literature [20].

The graft used in the presented case is developed from
equine femoral head deantigenated throughout a multistep

Figure 4: Intraoperative appearance of the neoplasm after the
elevation of the mucoperiosteal flap, carried out until the exposure
of the pyriform aperture.

(a) (b)

(c) (d)

Figure 3: (a, b) Preoperative CT scan. (c, d) Preoperative MRI.

Figure 5: Surgical defect after resection of the neoplasm, involving
the anterior nasal floor.
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enzymatic process (Zymo-Teck®, Bioteck S.p.A., Arcugnano,
Italy) that allows a selective removal of all potential antigenic
components of the rowmaterial ensuring a full biocompatibil-
ity. Sequential treatments in solutions containing glycolytic
and lipolytic enzymes are conducted in pressurized washing
cycles at low controlled temperature. The product is then
processed through an oxidative phase by using hydrogen per-
oxide that allows the removal of cellular debris and contami-
nants. In the final step, grafts are freeze-dried, placed in a
double blister pack, and sent to β-ray sterilization.

Pistilli et al. [32] reported a case of severe bilateral maxil-
lary atrophy treated by equine-derived bone grafting
followed up by clinical and radiological evaluations over a
period of 14 months. Implants were placed 8 months after
primary surgery, and prosthetic load was achieved in 3
months. Fourteen months after primary surgery, radiological
examination documented a complete preservation of the
bone graft. Furthermore, the authors performed a biopsy of
the grafted material during the second surgical step. Histo-
logical examination revealed the presence of vital newly
formed bone, no inflammatory tissues, and active remodeling
of the grafted material showing the ongoing integration, in
parallel with others’ findings [28, 29].

In the presented case, a secondary implant insertion
should have been performed 12 months after the primary
surgery, but the patient refused implants due to psychological
distress following the first operation.

During the follow-up, until a dental mobile prosthesis
was applied, clinical and instrumental examinations (CT
scan and radiographs) revealed good healing and biointe-
gration of the graft. After applying a mobile prosthesis
for 12 months (at 24-month follow-up), left plate exposure
was observed. We suppose that it could be related to the
pressure and minimal movements of the overlying dental
prosthesis once applied; this could have caused a chronic
inflammation of the mucosa inducing the underlying plate
to be exposed. However, unilateral development of this
delayed complication suggests that the mobile prosthesis
could have fitted imperfectly discharging excessive pres-
sure on the left titanium plate. Removal of plates and
screws before the application of the mobile prosthesis
could have prevented the exposure and subsequent graft-
ing failure. On the other hand, it could be interesting to
note that, although a total integration of the graft is advo-
cated, in the presented case, 24 months after the xenograft
placement, it still was not completely substituted by native
bone tissue.

Moreover, it is mandatory to consider that bone xeno-
grafts have been introduced as a surgical alternative of autol-
ogous bone graft, but they have been studied almost
exclusively in implant dentistry, so it could be assumed that
lack of bone loading could have profound consequences on
xenograft integration [34]. Missing load could induce the
graft to act just like a prosthesis, without a real process of
integration and autologous bone replacement.

It would be interesting to compare the presented case
with others; however, to the best of our knowledge, no cases
of xenogenic bone grafting without subsequent dental
implant rehabilitation have been reported in the literature.

Figure 6: Equine xenograft has been fixed by one titanium plate and
four screws per side.

Figure 7: Postoperative complete wound healing observed 2 weeks
after surgery.

Figure 8: Postoperative CT scan, acquired 5 months after surgery,
showing intense radiopacity and good integration of the grafted
material.
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From the present study, although it is limited to a case
report, some interesting issues arise: the safety and reliability
of equine bone xenograft (do not used for further implants
insertion) cannot be confirmed currently; and in cases of

bone grafting, both autologous or heterologous, it could be
reasonable to remove plates and/or wires used to fix the graft
before dental mobile prosthesis application.

Figure 9: Exposure of the left-placed plate occurred 24 months after surgery (18 months after applying the mobile prosthesis).

Figure 10: Postoperative dehiscence occurred after the removal of
plates and screws, widely exposing the underlying equine graft. Figure 11: Intraoral appearance 2 weeks after graft rejection.

Anterior mucosal envelope collapsed due to the lack of structural
support, showing the wide anterior maxillary defect.
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Additional Points

Human and Animal Rights. All research procedures followed
were in accordance with the Helsinki Declaration of 1964.

Consent

Informed consent was obtained from the patient.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.
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