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Abstract: Head and Neck osteosarcoma is an uncommon disease. Hitherto, the treatment is surgical
resection and survival is influenced by the presence of free margins. However, the dimension of the
resection may represent a hurdle for an adequate Quality of Life (QOL). Maxillofacial district is a
narrow space where the function, esthetics and patient’s relational skills fit together like the gears of
a clock. The functional results depend on the type of reconstruction and prosthetic rehabilitation
that are both important to guarantee a good aesthetic result and finally increase the patient’s
self-esteem. This study aims to report our experience about head and neck (HN) osteosarcoma
focusing the attention on reconstructive and dental-rehabilitative problems. It is a retrospective
study all patients were surgically treated in our department. Subjects with histological diagnosis of
HN osteosarcoma, treated between 2005 and 2017 were included. The demographic characteristics,
surgical treatment, eventually secondary reconstruction and prosthetic rehabilitation, performed in
the same department, have been collected. The QOL was assessed through the EORTC QLQ-H&N35
(European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Head
and Neck 35) questionnaire. Fifteen patients were enrolled, eight received a free flap microsurgical
reconstruction. Dental rehabilitation was performed in five cases and a mobile prosthesis was always
delivered. Eighteen implants were inserted in fibula bones for three patients; highly porous implants
were used.

Keywords: head and neck osteosarcoma; surgical treatment; reconstruction; free flap; prosthetic
rehabilitation; dental implant; quality of life

1. Introduction

Sarcomas are malignant tumors which can arise from nonepithelial tissue (mesenchymal). As the
mesenchymal tissue comprises some different kinds of tissue, from bones to soft tissue and this kind of
tumor can occur in any of them, sarcomas are commonly classified according to the tissue from which
they originated—bone sarcomas or soft tissue sarcomas. Osteosarcoma, chondrosarcoma (CS) and
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Ewing sarcoma (EWS) [1,2] are the most common sarcomas of bone. Although head and neck (HN)
sarcomas are not very common, as the rate varies from less than 1% of the total head and neck cancers
and around 10% of all osteosarcomas [1–5], they represent a significant and distinguished kind of tumors
that can lead to challenges in the management and risk for mortality/morbidity [1,6]. The incidence of
craniofacial osteosarcoma is around 2 to 3 out of 1 million persons per year [4]. An extensive range
of onset, between 10 and 50-year-olds was reported [1,2,7]. Guadagnolo and colleagues noted that
the vast majority of HN osteosarcomas arise in either the mandible or maxillary bone [8,9] with 85%
of cases involving mandible and maxilla (45% mandible and 40% maxilla) [8,10]. A small number
of patients present a history of previous radiotherapy (RT), with consequent osteosarcoma, which
was likely radiation-induced [3,11–13]. These tumors and the ones arising de novo seem to have
similar histopathology, appearance and prognosis. Terenzi et al. reported on 4 patients with a RIS
(Radio-Induced Sarcoma) and 3 subjects with an HN osteosarcoma [14]. Fibroblastic, osteoblastic,
chondroblastic and teleangectatic are histologic subtypes of osteosarcoma. The great number of HN
osteosarcomas are high grade [3,11,12]. Osteosarcomas in the head and neck are typically diagnosed at
an older age than long-bone OS (Osteosarcoma) but it is reported they have a slightly better 5-year
survival [15]. The pivotal treatment is surgery, with adjuvant RT for those cases with close or positive
margins or in case of unfavorable prognostic factors [3]. Recent studies have shown an improvement
of OS in patients treated with chemotherapy [16–19]. At the current state of the art, many authors
are investigating research in the field of chemotherapy treatment [20–22]. The survival of HNOs
(Head and Neck Osteosarcoma) in the published literature ranged from 43% to 63% [1–3] and 50.96%
5-year survival rate showed by Chen et al. [16]. A patient with craniofacial osteosarcoma treated by
surgery alone has a survival which varies, depending on the authors, between 86%, 75% to 50% as
reported in the literature and a relatively good clinical outcome, depending on the extent of surgical
resectability [3,23,24]. In the multivariate and univariate survival analysis, the positive resection margin
was a most strongly negative prognostic factor for craniofacial osteosarcoma [3,19]. The proximity of
the tumor to vital structures, might be a challenge to achieve an ideal “wide” resection margin in HN
osteosarcoma without potential considerable functional morbidity [1]. Considering the peculiarity of
the anatomical region, most patients undergo major surgical demolition with consequent decrease
of quality of life and oral functions, such as speech, mastication swallowing. Functional and esthetic
restoration in these patients is a challenging task which must always be subject to optimal treatment.
The primary purpose of this study is to report our experience of surgical treatment, reconstructive
techniques and dental rehabilitation in patients affected by HN osteosarcoma.

2. Results

2.1. Sample Characteristic

Eighteen patients diagnosed with osteosarcoma were identified from the department database.
Three patients were excluded because the documentation was incomplete. Fifteen met the inclusion
criteria and were enrolled, twelve (80%) were de novo OS and three (20%) subjects were RIS
(Radio-Induced Sarcoma). The chondroblastic subtype comprised 46.6% of cases (7 patients) and
osteoblastic 53.4% of the sample (eight patients). Females represented 73.3% of the sample (patients) and
26.7% were males (four patients). The average age at the time of the diagnosis was 38.53 (+/−18.9 SD).
The patients were staged by the AJCC 8th edition classification (The American Joint Committee
on Cancer) [25] 3 subjects were stage IA, 11 stage IIA and 1 stage IIB respectively. The average
follow-up was 7.46 years (+/−4.59 SD), three patients died during the follow up (20%). Seven patients
received only surgery (46.6%) and eight subjects received a multimodality treatment (53.4%). All the
characteristics of the sample are shown in Table 1.
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Table 1. Sample characteristic: simple descriptive statistics performed by SPSS Software.

Sample Size (n): 15

Sex:
Male 4 (26.7%)

Female 11 (73.3%)
Age (mean +/− SD): 38.53 years +/− 18.91

Stage:
IA 3 (20%)
IIA 11 (73.3%)
IIB 1 (6.7%)

Margins:
free 12 (80%)

positive 2 (13.3%)
marginal resection 1(6.7%)

Recurrence: 4 (26%)
Treatment:

Surgery 8 (53.3%)
Multimodality 7 (46.7%)

Follow up (mean +/− SD): 7.46 +/− 4.59

2.2. Surgical Treatment Details

The mandible was involved in seven cases (46.7% of the sample) and the maxillary bone in
eight subjects (53.3% of the sample). All fifteen patients underwent the resection and immediately
reconstruction surgery either with a reconstructive plate (three patients) or local flaps (two subjects)
or the temporalis muscle flap (five patients), one with obturator and four subjects received an
immediate free flap microsurgical reconstruction. One Deep Circumflex Iliac Artery Flap, two Free
Fibula Flaps and one Latissimus Dorsi Flap were performed. Four patients were treated in a second
surgical time by reconstruction with two Deep Circumflex Iliac Artery Flaps and two Free fibula flaps.
The anatomical site, the type of resection and reconstruction are shown in Table 2. Negative margins
were obtained in twelve patients (80%). In the three patients with positive resection margins, two
needed a second resection and definitive negative free margins were achieved. The last patient had
marginal excision, close on the skull base and the patient received protons therapy because it was
impossible to obtain an extensive resection. Four (26.6%) local recurrences have been observed and
required a second re-excision. Surgical margins free of tumor were found in all four patients who
suffered disease recurrence.

Table 2. Surgical treatment and Dental-rehabilitation details.

N◦ Site Surgical Procedure Immediate
Reconstruction Margins Secondary

Reconstruction
Dental

Rehabilitation

1 Maxilla maxillectomy
Brown II temporalis flap free no

2 Maxilla maxillectomy
Brown I temporalis flap free no

3 Maxilla maxillectomy
Brown III temporalis flap free DCIA yes

4 Maxilla maxillectomy
Brown III LD marginal excision no

5 Maxilla total maxillectomy obturator free FF yes
(dental implants)

6 Maxilla maxillectomy
Brown II FF free yes

(dental implants)

7 Maxilla maxillectomy
Brown III temporalis flap free no

8 Maxilla maxillectomy
Brown II temporalis flap free no
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Table 2. Cont.

N◦ Site Surgical Procedure Immediate
Reconstruction Margins Secondary

Reconstruction
Dental

Rehabilitation

9 Mandible emi-mandibulectomy DCIA positive
Resection of the

margin and
reconstructive plate

no

10 Mandible emi-mandibulactomy FF positive
Resection of the

margin and
reconstructive plate

no

11 Mandible emi
mandibulectomy

recreconstructive
plate free FF yes

(dental implants)

12 Mandible segmental
mandibulectomy

recreconstructive
plate free DCIA yes

13 Mandible segmental
mandibulectomy

recreconstructive
plate free no

14 Mandible segmental
mandibulectomy local flap free no

15 Mandible segmental
mandibulectomy local flap free no

LD: Latissimus Dorsi flap, FF: Free Fibula flap, DCIA: Deep Circumflex Iliac Artery flap.

2.3. Dental-Rehabilitation Details

Five patients underwent dental rehabilitation in our Department, two males and three females
52 years old average, three upper maxillae, two in the lower. At first, they were all treated through
a common phase aimed at manufacturing a partial or total removable prosthesis to recover the
functionality and aesthetics of the stomatognathic system. Subsequently, only three gave their consent
to proceed with the fixed rehabilitation phase in our Department. At that point, bone quality and
volume were assessed to plan the correct implant design and positioning. Based on the previous
temporary mobile prosthesis, a custom-made radiographic guide was manufactured and the CBCT
(Cone Beam Computed Tomography) were performed. Then, the custom-made guide was used during
the surgery to allow the implants positioning. The implant surgery was performed in local anesthesia
and six highly porous implants for each patient were inserted in the site to be rehabilitated. A total
amount of 18 implants were inserted in fibula bones for three patients, six for each, two were maxillas
(Figure 3) and one mandibular (Figure 6). The subsequent fixed prosthetic rehabilitation was performed
differently in the three patients, depending on the location and type of residual defect after maxillofacial
surgery. Two explanatory cases of implant rehabilitation are shown in Figures 1–6. In one case,
after total maxillectomy and free fibula flap reconstruction with persistent oro-antral communication,
the prosthesis had to be changed. Then the mobile prosthesis fixed on the titanium bar has been
modified to add an additional function, the obturator one, to close the oro-antral communication
and restore phonatory and food functionality satisfactorily. An average follow-up of 20 months was
evaluated for implant survival. In one case, the reconstructed mandibular patient, three implants had
bone reabsorption of 7 mm circumferentially after two years of follow-up. The patient had not been
subjected to radiation therapy. The three implants were removed and an immediate collagen bone was
grafted in the cavity. Six months later, two short implants (6 mm bone level) and a third (8 mm) were
inserted in the same place of the removed ones. The fixed prosthesis was replaced with a mobile one
fixed on an implant-supported bar. The average QOL score before prosthetic rehabilitation, obtained
from the filling of the EORTC QLQ-H&N35 (European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Head and Neck 35) questionnaire [26] for the assessment of the
quality of life, was 75.8 and the average QOL score after rehabilitation was 62.4. Lower values are
linked to an improvement in symptoms. Due to the limited number of samples, it was not possible to
evaluate the significance of these values, which however show a positive trend.
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3. Discussion

3.1. Surgical Treatment

HN osteosarcoma has an incidence of 2 to 3 out of 1 million persons per year [4] in the population,
it constitutes less than 10% of primary tumors and among craniofacial subsites the mandible and maxilla
are frequently involved [23]. The sample consisted of 15 patients, including 3 RIS [14]; the average
age was 38.53 (+/−18.9 SD). Hitherto, the treatment is the surgical resection and the clinical outcome
and survival are influenced by the presence of negative margins [3]. However, the resection can
represent a hurdle for an adequate quality of life and the functional results depend on the type of
reconstruction and prosthetic rehabilitation that we can offer the patient.The complex anatomy of the
oral cavity, the restricted space and the complexity of the functions it performs make the reconstruction
of the maxillomandibular district a challenging situation. It is, essentially, a narrow space where
function, esthetics and the patient’s relational skills fit together like the gears of a clock. The maxillary
complex is a fundamental structure which is related both to aesthetics and function, supporting the
orbital content and the maxillary teeth, dividing the oral and nasal cavities and supplying attachment
for mastication and facial expression muscles [27,28]. Mandibular reconstruction needs to restore
mastication, speech, swallowing and respiration functions together with dental rehabilitation [29].
Since the face of an individual is their interface with society, deformity of the lower third of the facial
contour can create psychological repercussions, which can lead to social distress. The final esthetic
result must be the best possible. Psychological distress can drive to isolation and depression [30–32];
the reconstruction should limit this consequence. The main problem in the surgical treatment of
patients affected by osteosarcoma is to ensure a “wide” resection and negative margins. Resection
should be extended to at least 1.5 cm of uninvolved tissue around the mass or an anatomic equivalent,
such as periosteum, if allowed by the adjacent vital structures. The risk of recurrence increases below
one centimeter [1,33,34]. The age of the patient should also be assessed in surgical planning as we
will describe later in the reconstructive choice. The debate is open on the type of reconstruction and
timing. Small size lesions may involve reconstruction with local flaps but it is rare in the case of
osteosarcoma. Only in 2 patients included in the study, it was possible to perform reconstruction
with local flaps. In the case of reconstruction of the upper jaw, the temporalis flap is an excellent
surgical option. It is a simple flap to be set up with a shallow failure rate being a pedunculated flap.
The esthetic and functional results are variable. Furthermore, depression in the temporal region can be
corrected with ancillary techniques (lipofilling and prosthesis). It is also possible to place a mobile
prosthesis and rehabilitate the smile. Five patients underwent reconstruction surgery temporalis
muscle flap. However, whether the reconstruction takes place in a single surgical time or is delayed,
microsurgical reconstruction guarantees the best functional and aesthetic result. It allows to restore
the patient’s bone and, in the future, to ensure adequate implant rehabilitation. The choice of the
reconstruction type, the donor site and the timing of intervention, above all for osteosarcomas, must
be evaluated for each case, whether they involve the mandible or the maxillary bone. It depends
on the staging and the presence of negative prognostic factors as well. Although the reconstruction
with bone or composite flaps (associated with skin and/or muscle) represents the best surgical choice,
dental rehabilitation finalizes the reconstructive result. The choice of the type of flap to use depends on
many factors—bone gap extension, the complexity of the defect and the need to reconstruct even soft
tissues [35]. For example, the fibula has a longer length and is usually preferred in the reconstruction
of long mandible defects involving multiple segments [36]. The DCIA (Deep Circumflex Iliac Artery)
flap allows you to use the right amount of bone with the muscle and is generally better for complex
defects such as those of the upper jaw. In addition, the quality and thickness of the bone of the iliac
crest are higher and, in our experience, it is the best choice to reconstruct even the segmental defects of
the mandible [37]. There are also differences in the length of the pedicle and on the morbidity of the
donor site [38]. The dilemma of whether to surgically reconstruct or not immediately with free flaps
derives from the risk of not obtaining a “wide” resection and therefore having to operate immediately,
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with the risk of having to sacrifice the flap totally or partially. It also occurred from our experience that
the sample 2 patients had an invasion of the margins. One of these had undergone reconstruction with
a free fibula flap and one DCIA flap, both needed a second immediate resection of the positive margins
and both obtained definitive margins free. Furthermore, when the resections are significant, if possible,
it is preferable to temporarily place a reconstructive plate on the jaw or an obturator on the maxilla and
wait for the final result of the histological examination. With the certainty of having performed an
extensive resection with the confidence of free resections margins, then microvascular surgery can be
safer performed. Moreover, in young patients, the attention must be focused on the possible growth of
the craniofacial structures over time and therefore the reconstruction with free bone flaps should be
deferred at the end of the developmental age [39]. In that way, one of our patients was operated on
for the first time at the age of 11. Despite the extensive maxillary resection, the reconstruction was
done with the temporalis muscle flap, to program a reconstructive surgery with free flap at the end of
growth. However, the patient was satisfied, and she did not want to undergo further reconstructive
surgery or implant-prosthetic rehabilitation.

3.2. Dental-Rehabilitation

The improvement of oral rehabilitation can be achieved through dental implants that refine
upon chewing, language and aesthetics of the oral cavity. The results obtainable are better compared
to the mobile prosthesis. [30,40]. The EORTC QLQ-H&N35 questionnaire [26], filled before and
after dental rehabilitation, shows average values of QOL improvement after treatment. The small
number of the sample does not allow to evaluate the significance of the result, which however points
out an improving trend. Said et al. describe the benefits of prosthetic rehabilitation—the use of
implant-retained dentures in head and neck cancer patients allowed the most favorable masticatory
function [41,42]. Patients with implant-retained prosthesis had better oral rehabilitation than those
who did not have on a prosthesis [43–45]. Oral function and prosthetic satisfaction were assessed by
filling questionnaires to evaluate QOL. The results showed more satisfactory results in patients with
implant-retained prosthesis compared to non-implant-retained prosthesis patients, as also assessed
in our small sample [46]. Patients who suffer from malignant tumors in the head-and-neck region
can be treated with dental implants too. Implant rehabilitation allows proper retention of removable
prosthesis with the decrease in the load on soft tissues. It aims to make the life of these patients better.
Several factors should be taken into consideration for their influence on the implant survival, above all,
when part of the therapy consists in the surgical removal of the tumor. The other essential factors are the
surgeon’s experience, bone quality, bone topography and the technical aspects such as implant length,
diameter and primary stability. Additional factors’ influence is crucial for implant osseointegration
and survival, such as chemotherapy and applied radiation therapy [47]. Soft and hard tissues can be
severely affected by radiation or chemoradiotherapy. Total dosage and size of the treatment volume
can determine changes [37]. The correct osseointegration and the survival of dental implants can
heavily be influenced by side effects such as xerostomia, persistent hyposalivation, changes in bacterial
flora, lockjaw, fibrosis of soft tissues, delayed healing and reduced angiogenesis. A prerequisite for
maintaining the function of dental implants is the presence of adequate keratinized soft tissue to serve
as a barrier at the implant-gingiva junction and this would seem to be the cause of the loss of the
implants in our patient. These are the most common side effects able to compromise the success of
rehabilitation based on implants. Moreover, poor general health, low level of oral hygiene, smoking
and alcohol abuse all reduce implant survival [47,48]. About that, this paper aims to underline the
importance of optimal oral rehabilitation for this kind of patients. The consequences of H&N oncologic
therapy have a negative influence on QOL and affect all oral functions as chewing and phonation
and above all the esthetic of the face. According to the World Health Organization (WHO) criteria,
edentulism is a form of physical impairment due to diminished ability to eat and interact socially.
The International Classification of Function, Disability and Health (ICF) attempts to place edentulism
on equal ground with other noncommunicable diseases [49]. The correct rehabilitation for every single
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case allows obtaining the best condition both functionally and aesthetically [50]. Psychologically,
a right, valid rehabilitation allows the patient to become self-confident again; as a consequence,
both social and work-life improves. The optimal rehabilitation has a positive and powerful effect on
the patient’s psyche and it allows the start of a non-dysfunctional life. Kende et al. evaluated the
QOL using the OHIP (Oral Health Impact Profile) questionnaire and it was also concluded from their
results that fixed prosthesis had more positive effects compared to removable partial and complete
dentures [51,52]. In this paper, too, the patients’ Quality of Life has been analyzed both before and after
the rehabilitation. The data obtained from the EORTC QLQ-H&N35 questionnaire [26], given to each
patient to evaluate the effects of the treatment, confirms the improvement in QOL after rehabilitation.
The quality of life and speech parameters deteriorated after surgery and improved with use of dental
prosthesis (mobile or definitive). The average QOL score after dental-rehabilitation (62.4) decreases
compared with the mean QOL score before prosthodontic treatment (75.8), lower values are linked
to an improvement in symptoms. It is possible to specifically highlight the reduction in the values
that describe—Trouble with social contact, Trouble with social eating, Speech, Saliva and Swallowing.
Due to the small number of patients, data obtained from the questionnaire are not statistically relevant;
however, they represent an indicative value of the effects of optimal oral rehabilitation.

4. Materials and Methods

It is a single-institution retrospective study. Inclusion criteria—(1) patients surgically treated at
Department of Oral and Maxillofacial Sciences, Rome Italy, (2) between January 2005 and December 2017
with (3) definitive histological diagnosis of osteosarcoma and (4) complete clinical and radiological
documentation. All subjects gave their informed consent for inclusion. The study was conducted
under the Declaration of Helsinki and the protocol was approved by the Ethics Committee of “Sapienza”
University of Rome, Italy (N. 4/2020 Prot. n. 0000105). Demographic characteristics were recorded.
Patients were staged under the AJCC (8th edition) classification [25]. Duration of follow-up was
defined as being the total duration of time from the initial diagnosis to last documented clinical
follow-up and was recorded. A descriptive statistic was performed using the SPSS Software. Treatment
characteristics included surgical resection, recurrence, type of primary reconstruction and eventually
secondary reconstruction where described. Dental rehabilitation has been described for patients who
were followed up for dental rehabilitation at Department of Oral and Maxillofacial Sciences. EORTC
QLQ-H&N35 questionnaire [26] was administered to evaluate the QOL. Implant survival follow-up
and complications have been reported.

5. Conclusions

HN sarcoma of the bone is a rare disease. Hitherto, the treatment has been surgical resection
and survival is influenced by the presence of negative margins [3]. However, the resection can
represent a hurdle for an adequate quality of life. The functional results depend on the extension
of the resection, type of reconstruction and prosthetic rehabilitation. The quality of life is crucial
and adequate implant-rehabilitation improves esthetic and functional results, increasing the patient’s
self-esteem. Preoperative evaluation must take into account the staging and the presence of negative
prognostic factors that may need adjuvant therapy. In our experience, free bone flaps represent the
best method for reconstructing extensive dissections, guaranteeing an excellent functional and esthetic
outcome and implant rehabilitation as well. Nevertheless, in order to obtain a definitive histological
diagnosis of wide resection margins it is preferable temporarily place a reconstructive plate on the
mandible or an obturator on the maxilla and then, in a second time, microvascular surgery can be more
safely performed.



Cancers 2020, 12, 1948 10 of 12

Author Contributions: Conceptualization, A.C. (Andrea Cassoni), E.B. and V.V.; Data curation, N.M., A.B.,
M.D.M., A.C. (Andrea Cassoni), F.L. and S.D.C.; Investigation, N.M., A.B., M.D.M., A.C. (Andrea Cassoni) and
F.L.; Methodology, R.P. and V.T.; Project administration, R.P.; Software, V.T. and F.L; Supervision, Andrea Cassoni,
E.B., S.D.C. and V.V.; Visualization, V.T., A.B., M.D.M., S.D.C. and V.V.; Writing—original draft, R.P., N.M. and
A.C. (Alessandro Ciolfi); Writing—review & editing, A.C. (Andrea Cassoni) and E.B., A.C. (Andrea Cassoni)
and E.B. contributed equally to this investigation. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Makary, R.F.; Gopinath, A.; Markiewicz, M.R.; Fernandes, R. Margin Analysis: Sarcoma of the Head and
Neck. Oral Maxil. Surg. Clin. N. Am. 2017, 29, 355–366. [CrossRef] [PubMed]

2. Brown, H.K.; Schiavone, K.; Gouin, F.; Heymann, M.-F.; Heymann, D. Biology of Bone Sarcomas and New
Therapeutic Developments. Calcif. Tissue Int. 2017, 102, 174–195. [CrossRef]

3. Mendenhall, W.M.; Fernandes, R.; Werning, J.; Vaysberg, M.; Malyapa, R.S.; Mendenhall, N.P. Head and neck
osteosarcoma. Am. J. Otolaryngol. 2011, 32, 597–600. [CrossRef] [PubMed]

4. Thiele, O.; Freier, K.; Bacon, C.; Egerer, G.; Hofele, C. Interdisciplinary combined treatment of craniofacial
osteosarcoma with neoadjuvant and adjuvant chemotherapy and excision of the tumour: A retrospective
study. Br. J. Oral Maxillofac. Surg. 2008, 46, 533–536. [CrossRef] [PubMed]

5. Delgado, R.; Maafs, E.; Alfeirán, A.; Mohar, A.; Barrera, J.-L.; Zinser, J.; Beltran, A. Osteosarcoma of the jaw.
Head Neck 1994, 16, 246–252. [CrossRef] [PubMed]

6. Heymann, M.-F.; Schiavone, K.; Heymann, D. Bone sarcomas in the immunotherapy era. Br. J. Pharmacol. 2020.
[CrossRef]

7. Fleshman, R.; Mayerson, J.; Wakelu, P.E., Jr. Fine-needle aspiration biopsy of high-grade sarcoma. Cancer
2007, 111, 491–498. [CrossRef]

8. Guadagnolo, B.A.; Zagars, G.K.; Raymond, A.K.; Benjamin, R.S.; Sturgis, E.M. Osteosarcoma of the
jaw/craniofacial region. Cancer 2009, 115, 3262–3270. [CrossRef]

9. Kassir, R.; Rassekh, C.H.; Kinsella, J.B.; Segas, J.; Carrau, R.L.; Hokanson, J.A. Osteosarcoma of the Head and
Neck: Meta-analysis of Nonrandomized Studies. Laryngoscope 1997, 107, 56–61. [CrossRef]

10. Seikaly, H. Osteogenic Sarcoma of the Mandible and Maxilla: A Canadian Review (1980–2000). J. Otolaryngol.
2004, 33, 139–143.

11. Huber, G.F.; Dziegielewski, P.; Matthews, T.W.; Dort, J.C. Head and neck osteosarcoma in adults: The province
of alberta experience over 26 years. J. Otolaryngol. Head Neck Surg. 2008, 37, 738–743. [PubMed]

12. Ha, P.K.; Eisele, D.W.; Frassica, F.J.; Zahurak, M.L.; McCarthy, E.F. Osteosarcoma of the head and neck:
A review of the Johns Hopkins experience. Laryngoscope 1999, 109, 964–969. [CrossRef]

13. Schwarz, M.B.; Burgess, L.P.A.; Fee, W.E.; Donaldson, S.S. Postirradiation Sarcoma in Retinoblastoma:
Induction or Predisposition? Arch. Otolaryngol. Head Neck Surg. 1988, 114, 640–644. [CrossRef] [PubMed]

14. Terenzi, V.; Cassoni, A.; Della Monaca, M.; Di Benedetto, G.; Priore, P.; Battisti, A.; Valentini, V. The difficult
management of radio-incuced head and neck sarcomas. Oral Oncol. 2017, 73, 173–174. [CrossRef] [PubMed]

15. Kontio, R.; Hagström, J.; Lindholm, P.; Böhling, T.; Sampo, M.; Mesimäki, K.; Saarilahti, K.; Koivunen, P.;
Mäkitie, A. Craniomaxillofacial osteosarcoma—The role of surgical margins. J. Cranio Maxillofac. Surg. 2019,
47, 922–925. [CrossRef] [PubMed]

16. Chen, Y.M.; Gokavarapu, S.; Shen, Q.; Liu, F.; Cao, W.; Ling, Y.; Ji, T. Chemotherapy in head and neck
osteosarcoma: Adjuvant chemotherapy improves overall survival. Oral Oncol. 2017, 73, 124–131. [CrossRef]

17. Smith, R.B.; Apostolakis, L.W.; Karnell, L.H.; Koch, B.B.; Robinson, R.A.; Zhen, W.; Menck, H.R.; Hoffman, H.T.
National Cancer Data Base report on osteosarcoma of the head and neck. Cancer 2003, 98, 1670–1680.
[CrossRef]

18. Boon, E.; Van Der Graaf, W.T.A.; Gelderblom, H.; Tesselaar, M.E.T.; Van Es, R.J.J.; Oosting, S.F.; De Bree, R.;
Van Meerten, E.; Hoeben, A.; Smeele, L.E.; et al. Impact of chemotherapy on the outcome of osteosarcoma of
the head and neck in adults. Head Neck 2017, 39, 140–146. [CrossRef]

http://dx.doi.org/10.1016/j.coms.2017.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28709534
http://dx.doi.org/10.1007/s00223-017-0372-2
http://dx.doi.org/10.1016/j.amjoto.2010.09.002
http://www.ncbi.nlm.nih.gov/pubmed/21093108
http://dx.doi.org/10.1016/j.bjoms.2008.03.010
http://www.ncbi.nlm.nih.gov/pubmed/18436357
http://dx.doi.org/10.1002/hed.2880160307
http://www.ncbi.nlm.nih.gov/pubmed/8026955
http://dx.doi.org/10.1111/bph.14999
http://dx.doi.org/10.1002/cncr.23122
http://dx.doi.org/10.1002/cncr.24297
http://dx.doi.org/10.1097/00005537-199701000-00013
http://www.ncbi.nlm.nih.gov/pubmed/19128686
http://dx.doi.org/10.1097/00005537-199906000-00023
http://dx.doi.org/10.1001/archotol.1988.01860180054029
http://www.ncbi.nlm.nih.gov/pubmed/3284548
http://dx.doi.org/10.1016/j.oraloncology.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28789828
http://dx.doi.org/10.1016/j.jcms.2019.03.020
http://www.ncbi.nlm.nih.gov/pubmed/31005379
http://dx.doi.org/10.1016/j.oraloncology.2017.08.017
http://dx.doi.org/10.1002/cncr.11716
http://dx.doi.org/10.1002/hed.24556


Cancers 2020, 12, 1948 11 of 12

19. Liang, L.; Zhang, T.; You, Y.; He, Q.; Fan, Y.; Liao, G.-Q. An individual patient data meta-analysis on the
effect of chemotherapy on survival in patients with craniofacial osteosarcoma. Head Neck 2019, 41, 2016–2023.
[CrossRef]

20. Gobin, B.; Baud’Huin, M.; Lamoureux, F.; Ory, B.; Charrier, C.; Lanel, R.; Battaglia, S.; Rédini, F.; Lézot, F.;
Blanchard, F.; et al. BYL719, a new α-specific PI3K inhibitor: Single administration and in combination with
conventional chemotherapy for the treatment of osteosarcoma. Int. J. Cancer 2015, 136, 784–796. [CrossRef]

21. Navet, B.; Ando, K.; Vargas-Franco, J.W.; Brion, R.; Amiaud, J.; Mori, K.; Yagita, H.; Mueller, C.; Verrecchia, F.;
Dumars, C.; et al. The Intrinsic and Extrinsic Implications of RANKL/RANK Signaling in Osteosarcoma:
From Tumor Initiation to Lung Metastases. Cancers 2018, 10, 398. [CrossRef] [PubMed]

22. Ory, B.; Baud’Huin, M.; Verrecchia, F.; Royer, B.B.-L.; Quillard, T.; Amiaud, J.; Battaglia, S.; Heymann, D.;
Rédini, F.; Lamoureux, F. Blocking HSP90 addiction inhibits tumor cell proliferation, metastasis development
and synergistically acts with zoledronic acid to delay osteosarcoma progression. Clin. Cancer Res. 2015, 22,
2520–2533. [CrossRef] [PubMed]

23. Huh, W.; Holsinger, F.C.; Levy, A.; Palla, F.S.L.; Anderson, P.M. Osteosarcoma of the jaw in children and
young adults. Head Neck 2011, 34, 981–984. [CrossRef] [PubMed]

24. Brady, J.S.; Chung, S.Y.; Marchiano, E.; Eloy, J.A.; Baredes, S.; Park, R.C.W. Pediatric head and neck bone
sarcomas: An analysis of 204 cases. Int. J. Pediatric Otorhinolaryngol. 2017, 100, 71–76. [CrossRef]

25. Tanaka, K.; Ozaki, T. New TNM classification (AJCC eighth edition) of bone and soft tissue sarcomas:
JCOG Bone and Soft Tissue Tumor Study Group. Jpn. J. Clin. Oncol. 2018, 49, 103–107. [CrossRef]

26. Bjordal, K.; Hammerlid, E.; Ahlner-Elmqvist, M.; De Graeff, A.; Boysen, M.; Evensen, J.F.; Biörklund, A.;
De Leeuw, J.R.J.; Fayers, P.; Jannert, M.; et al. Quality of Life in Head and Neck Cancer Patients: Validation
of the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-H&N35.
J. Clin. Oncol. 1999, 17, 1008. [CrossRef]

27. Baliarsing, A.S.; Kumar, V.V.; Malik, N.A.; Kumar, D. Reconstruction of maxillectomy defects using deep
circumflex iliac artery–based composite free flap. Oral Surgery, Oral Med. Oral Pathol. Oral Radiol. Endodon.
2010, 109, e8–e13. [CrossRef]

28. Rohrich, R.J.; Lowe, J.B.; Schwartz, M.R.; Muzaffar, A.R.; Adams, W.P.; Hartog, J.M.; Byrd, H.S. The Role of
Open Rhinoplasty in the Management of Nasal Dermoid Cysts. Plast. Reconstr. Surg. 1999, 104, 1459–1468.
[CrossRef]

29. Kumar, V.V.; Jacob, P.; Ebenezer, S.; Kuriakose, M.A.; Kekatpure, V.; Baliarsing, A.S.; Al-Nawas, B.; Wagner, W.
Implant supported dental rehabilitation following segmental mandibular reconstruction-quality of life
outcomes of a prospective randomized trial. J. Cranio Maxillofac. Surg. 2016, 44, 800–810. [CrossRef]

30. Pompa, G.; Saccucci, M.; Di Carlo, G.; Brauner, E.; Valentini, V.; Di Carlo, S.; Gentile, T.; Guarino, G.;
Polimeni, A. Survival of dental implants in patients with oral cancer treated by surgery and radiotherapy:
A retrospective study. BMC Oral Health 2015, 15, 5. [CrossRef]

31. Sharaf, M.Y.; Ibrahim, S.I.; Eskander, A.E.; Shaker, A.F. Prosthetic versus surgical rehabilitation in patients
with maxillary defect regarding the quality of life: Systematic review. Oral Maxillofac. Surg. 2018, 22, 1–11.
[CrossRef] [PubMed]

32. Batstone Reconstruction of major defects of the jaws. Aust. Dent. J. 2018, 63, S108–S113. [CrossRef] [PubMed]
33. Rydholm, A. Surgical margins for soft tissue sarcoma. Acta Orthop. Scand. 1997, 68, 81–85. [CrossRef]

[PubMed]
34. Enneking, W.F.; Spanier, S.S.; Malawer, M.M. The effect of the anatomic setting on the results of surgical

procedures for soft parts sarcoma of the thigh. Cancer 1981, 47, 1005–1022. [CrossRef]
35. Pucci, R.; Weyh, A.; Smotherman, C.; Valentini, V.; Bunnell, A.; Fernandes, R. Accuracy of virtual planned

surgery versus conventional free-hand surgery for reconstruction of the mandible with osteocutaneous free
flaps. Int. J. Oral Maxillofac. Surg. 2020. [CrossRef]

36. Cordeiro, P.G.; Henderson, P.; Matros, E. A 20-Year Experience with 202 Segmental Mandibulectomy Defects.
Plast. Reconstr. Surg. 2018, 141, 571e–581e. [CrossRef]

37. Papi, P.; Brauner, E.; Di Carlo, S.; Musio, D.; Tombolini, M.; De Angelis, F.; Valentini, V.; Tombolini, V.;
Polimeni, A.; Pompa, G. Crestal bone loss around dental implants placed in head and neck cancer patients
treated with different radiotherapy techniques: A prospective cohort study. Int. J. Oral Maxillofac. Surg. 2019,
48, 691–696. [CrossRef]

http://dx.doi.org/10.1002/hed.25668
http://dx.doi.org/10.1002/ijc.29040
http://dx.doi.org/10.3390/cancers10110398
http://www.ncbi.nlm.nih.gov/pubmed/30355966
http://dx.doi.org/10.1158/1078-0432.CCR-15-1925
http://www.ncbi.nlm.nih.gov/pubmed/26712686
http://dx.doi.org/10.1002/hed.21850
http://www.ncbi.nlm.nih.gov/pubmed/21853501
http://dx.doi.org/10.1016/j.ijporl.2017.06.003
http://dx.doi.org/10.1093/jjco/hyy157
http://dx.doi.org/10.1200/jco.1999.17.3.1008
http://dx.doi.org/10.1016/j.tripleo.2009.10.055
http://dx.doi.org/10.1097/00006534-199910000-00032
http://dx.doi.org/10.1016/j.jcms.2016.04.013
http://dx.doi.org/10.1186/1472-6831-15-5
http://dx.doi.org/10.1007/s10006-018-0679-9
http://www.ncbi.nlm.nih.gov/pubmed/29388055
http://dx.doi.org/10.1111/adj.12596
http://www.ncbi.nlm.nih.gov/pubmed/29574815
http://dx.doi.org/10.1080/17453674.1997.11744707
http://www.ncbi.nlm.nih.gov/pubmed/9057592
http://dx.doi.org/10.1002/1097-0142(19810301)47:5&lt;1005::AID-CNCR2820470532&gt;3.0.CO;2-9
http://dx.doi.org/10.1016/j.ijom.2020.02.018
http://dx.doi.org/10.1097/PRS.0000000000004239
http://dx.doi.org/10.1016/j.ijom.2018.10.021


Cancers 2020, 12, 1948 12 of 12

38. Lou, C.; Yang, X.; Hu, L.; Hu, Y.; Loh, J.S.; Ji, T.; Zhang, C. Oromandibular reconstruction using microvascularized
bone flap: Report of 1038 cases from a single institution. Int. J. Oral Maxillofac. Surg. 2019, 48, 1001–1008.
[CrossRef]

39. Valentini, V.; Califano, L.; Cassoni, A.; Marco, D.M.; Raponi, I.; Priore, P.; Fadda, M.T.; Dell’Aversana, G.O.;
Terenzi, V. Maxillo-Mandibular Reconstruction in Pediatric Patients. J. Craniofacial Surg. 2018, 29, 761–766.
[CrossRef]

40. Brauner, E.; Di Carlo, S.; Ciolfi, A.; Pompa, G.; Jamshir, S.; De Angelis, F.; Della Monaca, M.; Valentini, V. Use
of Porous Implants for the Prosthetic Rehabilitation of Fibula Free Flap Reconstructed Patients. J. Craniofacial
Surg. 2019, 30, 1163–1169. [CrossRef]

41. Said, M.M.; Otomaru, T.; Sumita, Y.; Khan, Z.; Taniguchi, H.; Leung, K.C. Systematic review of literature:
Functional outcomes of implant-prosthetic treatment in patients with surgical resection for oral cavity tumors.
J. Investig. Clin. Dent. 2017, 8. [CrossRef]

42. Tang, J.A.L.; Rieger, J.; Wolfaardt, J.F. A review of functional outcomes related to prosthetic treatment after
maxillary and mandibular reconstruction in patients with head and neck cancer. Int. J. Prosthodont. 2008,
21, 337–354. [PubMed]

43. Korfage, A.; Raghoebar, G.M.; Slater, J.J.H.; Roodenburg, J.L.; Witjes, M.; Vissink, A.; Reintsema, H.
Overdentures on primary mandibular implants in patients with oral cancer: A follow-up study over 14 years.
Br. J. Oral Maxillofac. Surg. 2014, 52, 798–805. [CrossRef] [PubMed]

44. Brauner, E.; Valentini, V.; Jamshir, S.; Guarino, G.; Battisti, A.; Fadda, M.T.; Pompa, G. Retrospective review
of 78 rehabilitated head and neck postoncological patients: A new classification method. Minerva Stomatol.
2016, 65, 17–38. [PubMed]

45. Brauner, E.; Pompa, G.; Quarato, A.; Jamshir, S.; De Angelis, F.; Di Carlo, S.; Valentini, V. Maxillofacial
Prosthesis in Dentofacial Traumas: A Retrospective Clinical Study and Introduction of New Classification
Method. BioMed Res. Int. 2017, 2017, 1–8. [CrossRef] [PubMed]

46. El-Sayed, W.; Gad, M.; Medra, A. Prosthodontic Management of Maxillectomy Patients with Dental Implants
in Residual Zygomatic Bone: A Preliminary Report. Int. J. Prosthodont. 2014, 27, 534–540. [CrossRef]

47. Brauner, E.; Valentini, V.; de Angelis, F.; Jamshir, S.; Visca, A.; Romeo, U.; Tenore, G.; Pompa, G.; di Carlo, S.
Gingival hyperplasia around dental implants in jaws reconstructed with free vascularized flaps: A case
report series. J. Int. Dent. Med. Res. 2018, 11, 1–7.

48. Brauner, E.; Musio, D.; Mezi, S.; Ciolfi, A.; Maghella, F.; Cassoni, A.; De Angelis, F.; Guarino, G.; Romeo, U.;
Tenore, G.; et al. Implant placement in oral squamous cells carcinoma patients treated with chemoradiotherapy:
“Sapienza Head and Neck Unit” clinical recommendations. Eur. Rev. Med. Pharmacol. Sci. 2019, 23, 9923–9930.
[CrossRef]

49. Cakir, O.; Kazancioglu, H.O.; Çelik, G.; Deger, S.; Ak, G. Evaluation of the Efficacy of Mandibular
Conventional and Implant Prostheses in a Group of Turkish Patients: A Quality of Life Study. J. Prosthodont.
2014, 23, 390–396. [CrossRef]

50. Di Carlo, S.; De Angelis, F.; Armida, M.; Jamshir, S.; Fabretti, M.; Brauner, E. Prosthetic rehabilitation with
use of palatal augmentation prosthesis in patients affected by functional limitations of the tongue. J. Int.
Dent. Med. Res. 2019, 12, 607–611.

51. Kende, D.; Szabó, G.; Marada, G.; Szentpétery, A. [Impact of prosthetic care on oral health related quality of
life]. Fogorv. Szle. 2008, 101, 49–57.

52. Sozzi, D.; Novelli, G.; Silva, R.; Connelly, S.T.; Tartaglia, G. Implant rehabilitation in fibula-free flap
reconstruction: A retrospective study of cases at 1–18 years following surgery. J. Cranio Maxillofac. Surg.
2017, 45, 1655–1661. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ijom.2019.02.017
http://dx.doi.org/10.1097/SCS.0000000000004380
http://dx.doi.org/10.1097/SCS.0000000000005218
http://dx.doi.org/10.1111/jicd.12207
http://www.ncbi.nlm.nih.gov/pubmed/18717093
http://dx.doi.org/10.1016/j.bjoms.2014.05.013
http://www.ncbi.nlm.nih.gov/pubmed/24951245
http://www.ncbi.nlm.nih.gov/pubmed/26862694
http://dx.doi.org/10.1155/2017/8136878
http://www.ncbi.nlm.nih.gov/pubmed/28337459
http://dx.doi.org/10.11607/ijp.3598
http://dx.doi.org/10.26355/eurrev_201911_19558
http://dx.doi.org/10.1111/jopr.12120
http://dx.doi.org/10.1016/j.jcms.2017.06.021
http://www.ncbi.nlm.nih.gov/pubmed/28823690
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Sample Characteristic 
	Surgical Treatment Details 
	Dental-Rehabilitation Details 

	Discussion 
	Surgical Treatment 
	Dental-Rehabilitation 

	Materials and Methods 
	Conclusions 
	References

