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Abstract

Odontogenic and maxillofacial bone lesions are rare destructive conditions that
result in significant morbidity. These lesions range from benign cysts to
aggressive tumours and are broadly classified as odontogenic or non-
odontogenic in origin. They pose significant diagnostic and therapeutic
challenges due to similarities in their presentation and varied surgical

management.

The aim of this work was to describe practical approaches to diagnosis and
management of these lesions based on twelve peer-reviewed studies involving

390 patients which have been published over the last ten years.

Studies on odontogenic keratocysts highlighted certain clinico-pathological
features that were significantly associated with recurrences, including young/old
age, nevoid basal cell carcinoma syndrome, retention of associated dentition,
large (>4cm), multilocular lesions and cortical perforations. The presence of
daughter cysts and epithelial budding were also implicated along with certain
histochemical markers. Studies on odontogenic tumours have highlighted the role
of imaging in diagnosis. Computed tomography and magnetic resonance imaging
have demonstrated the extent and content of odontogenic myxomas which play

a critical role in their management.

Enucleation was shown to be insufficient in the management of odontogenic
keratocysts and unicystic ameloblastomas. This treatment modality should be

supplemented with adjuvant met hods i
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and/or peripheral ostectomy to reduce recurrences while limiting morbidity to the
patient. Moreover, management of unicystic ameloblastomas should not be
solely based on histopathological subtype as previously described but rather

based on clinico-pathological features.

Studies on non-odontogenic lesions have established that site should not be one
of the major criteria in the diagnosis of juvenile ossifying fibromas as previously
reported. Moreover, curettage with peripheral ostectomy displayed low

recurrences with reduced morbidity.

Based on the overall presented evidence in this series of peer-reviewed papers,
clinico-pathological features play a significant role in the management of these
lesions. Management should be customized with the least invasive surgical
methods as first-line therapy. Radical options should be reserved for aggressive

and recurrent lesions.
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Preface

My involvement in the field of Oral and Maxillofacial Surgery, Pathology and
Radiology started over ten years ago when | was initially appointed as a clinical
researcher in Oral Diagnostics and Radiology. | was primarily involved in the
radiological imaging of pathological lesions affecting the Maxillofacial region. This
triggered my interest in aiming to improve diagnosis and prognostic outcomes of

patients affected by these unique lesions.

Subsequently, | had the opportunity to train further in this field and attained a
Postgraduat e Di pl oma i n Or al Surgery as
Maxillofacial and Oral Surgery (both Cum laude) through a grant from the German
Academic Exchange Service (DAAD)/National Research Foundation. The clinical
and research experience gained during my studies really amplified my interest in

pathological lesions affecting the jaws and their surgical management.

More recently | had the privilege to be involved in studies related to the
histopathological diagnostic methods of these lesions as part of the regional Oral
Pathology service. Since then | have been part of the clinical and surgical team

that provides multidisciplinary care to patients affected by these lesions.

| believe | have had the unique opportunity to work in all three specialities (Oral
Radiology, Oral Pathology and Oral and Maxillofacial Surgery) that jointly
manage these patients. This has given me an unparalleled insight into this field
with the overall aim of improving diagnostic and therapeutic outcomes and

providing evidence-based clinical care.



The studies conducted over the past ten years have afforded me the opportunity
to present some aspects of this work at a number of local and international
meetings including the International Association for Dental Research (IADR),
American Dental Association (ADA)-student clinician program, International
Association of Oral Pathologists (IAOP), South African Dental Association
(SADA), South African Society of Maxillofacial and Oral Surgeons (SASMFOS)

and Pan African Association of Oral and Maxillofacial Surgeons.

In March 2022, | was awarded the Henry M. Thornton Fellowship Award by
Dentsply Sirona/American Association for Dental, Oral, and Craniofacial
Research (AADOCR) as part of the Student Competition for Advancing Dental
Research and its Application (SCADA). This award was based on the work

included in this thesis.

This thesis highlights new knowledge through these twelve studies in terms of
evidence-based diagnostic, therapeutic and prognostic findings on odontogenic
and maxillofacial bone lesions. It includes 390 patients and covers nine different
pathological entities affecting the Maxillofacial region. The commentary has been
divided into an introductory chapter, three chapters focusing on studies pertaining
to odontogenic cysts, odontogenic tumours and non-odontogenic lesions. The
final two chapters end with concluding remarks as well as limitations of the

included studies and provides insights into future work.

Publications on the most prevalent and controversial lesions were deliberately
selected to tackle debated details regarding these lesions and to add to the body

of knowledge through evidence-based clinical studies and reviews. All peer-



reviewed research articles that form part of this thesis are included at the end of
the commentary along with my contributions to each article and their citation
metrics. As this thesis includes recently published articles, some do not have

citations at present.

| believe that this body of published workent i t | ed A Approaches to
and Management of Odontogenic and Maxil |l of a
knowledge in this field and aids in raising the profile and status of clinical

evidence-based research.
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Chapter 1: Introduction

The maxillofacial region comprises a group of fourteen bones (Figure 1). The
maxilla and mandible form a unique part of this region unlike any other bone in
the human skeleton. Embryologically, the jaws develop from the migrating cells
of the embryonal neuroectoderm and anatomically house the dental follicles. Due
to the distinct developmental processes that occur during the formation of the
dentition and the constant exposure of teeth to the harsh oral environment, the
jaws harbour a distinct variety of pathologic entities that are not observed

elsewhere in the human body (Slootweg, 2010).

Nasal (2)

Lacrimal (2)

Inferior nasal
concha (2)

Maxilla (2)

Mandible (1) Vomer (1)

Figure 1: Gross anatomy of the bones that form the Maxillofacial region

(open access image from C Carrasco, 2010).
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Numerous pathological lesions can involve the jaws ranging from benign cysts to
aggressive tumours potentially resulting in destruction of the facial region. The
destructive nature of some of these lesions has direct influenceonthe pati ent s o
aesthetics and function. Moreover, these lesions have a wide range of clinical,
radiological and histopathological manifestations with some degree of
overlapping, and therefore, pose significant diagnostic and therapeutic

challenges (Brierley & Hunter, 2015).

Classification of these lesions has been proposed by several authors based on
the tissue origin of the lesions, radiographic features or clinical behaviour (Neville
et al. 2016). The most widely recognized classification system has been
developed by the World Health Organisation (WHO) based on their tissue of
origin (Table 1). According to this system, pathological lesions are broadly
classified into those related to the dentition (odontogenic) and not related to the
dentition (non-odontogenic). Odontogenic lesions are further divided into cysts
and tumours while non-odontogenic lesions include reactive lesions, fibro-
osseous lesions, giant cell lesions and bone tumours (El-Naggar et al, 2017). The
literature pertaining to each of these categories is reviewed in this chapter.

Limitations and controversies regarding these lesions are highlighted.
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Table 1: 4" edition WHO classification of odontogenic and maxillofacial bone

tumours (EI-Naggar et al, 2017).

1. Odontogenic and non-odontogenic

cysts

1.1. Odontogenic cysts of

inflammatory origin

Radicular cyst

Inflammatory collateral cyst

1.2. Odontogenic and non-

odontogenic developmental cysts

Dentigerous cyst

Odontogenic keratocyst

Lateral periodontal and botryoid

odontogenic cyst

Gingival cyst

Glandular odontogenic cyst

Calcifying odontogenic cyst

Orthokeratinized odontogenic cyst

Nasopalatine cyst

2. Odontogenic tumours

2.1. Malignant odontogenic tumours

odontogenic carcinomas

(0]

(o]

ameloblastic carcinoma
primary intraosseous
carcinoma, not otherwise
specified

sclerosing odontogenic
carcinoma

clear cell odontogenic
carcinoma

ghost cell odontogenic

carcinoma

odontogenic carcinosarcoma

odontogenic sarcomas

2.2. Benign odontogenic tumours

Benign epithelial odontogenic

tumours

(o]

ameloblastoma
ameloblastoma,
unicystic type
ameloblastoma,
extraosseous/perip
heral type
metastasizing
ameloblastoma

squamous odontogenic

tumour

calcifying epithelial

odontogenic tumour

adenomatoid odontogenic

tumour

Benign mixed epithelial and

mesenchymal odontogenic

tumours
0 ameloblastic fibroma
0 primordial odontogenic
tumour
0 odontoma
0 dentinogenic ghost cell

tumour

Benign mesenchymal

odontogenic tumours

(0]

(0]

(0]

(0]

odontogenic
myxoma/myxofibroma
odontogenic fiboroma
cementoblastoma

cemento-ossifying fibroma

3. Non-odontogenic lesions
3.1. Malignant maxillofacial bone and

cartilage tumours

chondrosarcoma

mesenchymal chondrosarcoma
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https://radiopaedia.org/articles/ameloblastoma?lang=us
https://radiopaedia.org/articles/squamous-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/squamous-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/calcifying-epithelial-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/calcifying-epithelial-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/adenomatoid-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/adenomatoid-odontogenic-tumour?lang=us
https://radiopaedia.org/articles/ameloblastic-fibroma?lang=us
https://radiopaedia.org/articles/odontoma?lang=us
https://radiopaedia.org/articles/odontogenic-myxoma?lang=us
https://radiopaedia.org/articles/odontogenic-myxoma?lang=us
https://radiopaedia.org/articles/cementoblastoma?lang=us
https://radiopaedia.org/articles/cemento-ossifying-fibroma?lang=us
https://radiopaedia.org/articles/chondrosarcoma?lang=us
https://radiopaedia.org/articles/mesenchymal-chondrosarcoma?lang=us

osteosarcoma ossifying fibroma

3.2. Benign maxillofacial bone and familial gigantiform cementoma
cartilage tumours fibrous dysplasia
chondroma cemento-osseous dysplasia
osteoma osteochondroma
melanotic neuroectodermal tumour 3.4. Giant cell lesions and simple
of infancy bone cyst
chondroblastoma central giant cell granuloma
chondromyxoid fibroma peripheral giant cell granuloma
osteoid osteoma cherubism
osteoblastoma aneurysmal bone cyst
desmoplastic fibroma simple bone cyst

3.3. Fibro-osseous and

osteochondromatous lesions

1.1. Odontogenic and non-odontogenic cysts

A cyst is a pathological cavity that consists of fluid, semi-fluid or gas which is
entirely or partially lined by epithelium, and is not caused by the collection of pus
(Shear & Speight, 2007). They are usually slow growing lesions that expand with
increased osmotic pressure along with secretion of growth factors and
prostaglandins. The expansion causes the surrounding bone to resorb over time

and may invade adjacent structures (Martin & Speight, 2017).

The majority of cysts presenting in the jaws are odontogenic as they originate
from rests of odontogenic epithelium that are associated with dental
development. Non-odontogenic cysts are less common and develop from other
types of epithelium not related to the dentition (e.g. respiratory) (Slootweg, 2010).

Odontogenic cysts are further classified into inflammatory and developmental
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https://radiopaedia.org/articles/osteosarcoma?lang=us
https://radiopaedia.org/articles/enchondroma?lang=us
https://radiopaedia.org/articles/osteoma?lang=us
https://radiopaedia.org/articles/melanotic-neuroectodermal-tumour-of-infancy?lang=us
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https://radiopaedia.org/articles/osteochondroma?lang=us
https://radiopaedia.org/articles/central-giant-cell-lesions-granuloma?lang=us
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https://radiopaedia.org/articles/cherubism?lang=us
https://radiopaedia.org/articles/aneurysmal-bone-cyst?lang=us
https://radiopaedia.org/articles/unicameral-bone-cyst-1?lang=us

cysts. Inflammatory changes as a result of dental infections act as a stimulus for

odontogenic epithelial rests to proliferate into epithelial-lined cystic cavities.

The pathogenesis of developmental cysts is not clearly understood and some
may display genetic alterations (Martin & Speight, 2017). Developmental
odontogenic cysts can display overlapping histopathological features that may
only be accurately diagnosed following clinical and radiological correlation (Martin
& Speight, 2017). These cysts are frequently asymptomatic, but may become
extensive and erode through the bony cortex. Thus, some developmental cysts
can behave with similar aggression as tumours and can be highly recurrent as
shown by Titinchi & Nortje (2012), whereby odontogenic keratocysts (OKC) had
a recurrence rate (RR) of 29.2% following surgical management in a study period

of 40 years.

Odontogenic cysts are one of the most frequent pathological lesions affecting the
jaws and have been reported to account for approximately 90% of all jaw cysts
(Rioux-Forker et al, 2019). Johnson et al (2014) conducted a systematic review
of the literature and reported that odontogenic cysts were 2.25 times more
prevalent than odontogenic tumours. The most frequent cyst in this group was
the radicular cyst, which accounted for 54.6% of odontogenic cysts. This was
followed by dentigerous cysts (20.6%) and OKCs (11.7%). The combined
prevalence of all other odontogenic cysts was estimated to be 13.1% (Johnson

et al, 2014).

Various radiographic methods have been employed to assess cystic lesions of

the jaws including intraoral radiographs, orthopantomogram (OPG), computed
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tomography (CT), magnetic resonance imaging (MRI) and cone-beam computed
tomography (CBCT). Titinchi (2020) highlighted the role of these methods in
providing details regarding the internal structure of the lesion, bony margins,
exact anatomical location, cortical perforation, proximity and effects on adjacent
vital anatomical structures. These methods play a pivotal role in diagnosis and

surgical planning (Zhao et al, 2019).

Several surgical methods have been described in the literature regarding the
management of these cysts. The main goal of surgical therapy is to eradicate the
lesion completely without future recurrences and to minimize morbidity to the

patient (Nyimi et al, 2019).

Enucleation or curettage is the most widely used surgical method in the
management of odontogenic cysts (Nyimi et al, 2019). While the outcome of this
method is usually acceptable for smaller lesions, there are multiple limitations
when faced with larger lesions, including the risk of pathological fracture and a
higher rate of recurrence as shown by Titinchi (2020), whereby enucleation
yielded a recurrence rate of 23.6%. Radical resection has been advocated for
aggressive and extensive cysts; however, this method causes significant
morbidity with resultant facial disfigurement, occlusal derangement, reduced

masticatory function, and poor quality of life post-operatively (Nyimi et al, 2019).

Some cystic lesions such as OKCs and glandular odontogenic cysts (GOC)
behave aggressively and show a high tendency to recur following surgical
intervention. A systematic review by Titinchi (2021d) reported a RR of up to

62.5% for OKCs. On the contrary, simple cysts such as radicular and dentigerous
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cysts can usually be managed with simple enucleation or decompression with

minimal risk of recurrence (Nyimi et al, 2019).

Due to the slow growth of these cysts and the ability to cause expansion without
any symptoms, numerous complications can be associated with odontogenic
cystic lesions including extensive bone destruction, facial asymmetry, impaction
of teeth, root resorption, tooth mobility, occlusal disturbances and possible
invasion of the maxillary sinus, nasal cavity and orbit. Hence, early diagnosis and

prompt surgical management become crucially important (Zhao et al, 2019).

1.2. Odontogenic tumours

Odontogenic tumours encompass a group of neoplasms that originate from
odontogenic tissues. As the dental follicle is composed of both an epithelial and
an ectomesenchymal component, these tumours may be either epithelial,
ectomesenchymal, or both. These rare lesions occur exclusively in the jaws and
illustrate the only field in pathology where a primary epithelial tumour can be

located within bone (Brierley et al, 2017).

These neoplasms comprise less than 5% of all tumours of the oral cavity with the
majority of these lesions being located within bone (intra-osseous). There are
however variants of these tumours that occur in the soft tissues overlying the

dento-alveolar regions (peripheral/extra-osseous) as well (EI-Naggar et al, 2017).

The classification of odontogenic tumours has been constantly debated with the

nomenclature of several entities changing over time. Some entities were
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previously classified as tumours (keratocystic odontogenic tumour and calcifying
cystic odontogenic tumour) by the WHO which have now been re-classified into
the cysts category (OKC and calcifying odontogenic cyst) as a result of their
biological behaviour and the limited evidence to categorize them as tumours

(Speight & Takata, 2018; EI-Naggar et al, 2017).

Johnson et al (2014) reviewed the prevalence of odontogenic tumours in the
literature. Ameloblastomas were the most prevalent (37.9%), followed by
odontogenic myxomas (3.8%) and adenomatoid odontogenic tumours (3.2%).
The inclusion of odontomas as part of odontogenic tumours accounted for
approximately 45.8% of these tumours while other odontogenic tumours made
up the remainder (9.3%) (Johnson et al, 2014). Furthermore, a large study from
the UK reported odontogenic tumours to comprise only 1% of all oral cavity
specimens and 5% of jaw lesions. Researcher have estimated the incidence of
these tumours in the UK to be less than 0.5 cases per 100,000 per year (Jones

& Franklin, 2006).

There are a number of studies that report a high frequency of ameloblastomas
and a low frequency of odontomas in African and Asian population groups. On
the other hand, studies from Europe and South America have shown a high
frequency of odontomas, with the highest prevalence in North America

(Siriwardena et al, 2019; Aregbesola et al, 2018). Moreover, the relative incidence

of these |l esions is mostly deter mi ned

reported to be the commonest odontogenic tumour in adults (comprising 30.8%),
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but less than 5% in children. On the contrary, odontomas predominate in children

(76%) (Siriwardena et al, 2019).

The exact reasons for these differences are unknown but have been attributed to
genetic and environmental differences. Aregbesola et al (2018) postulated that
the low frequency of odontomas in African populations may be related to under-
reporting by patients and healthcare practitioners due to the benign self-limiting
behaviour of odontomas which may lead to patients not seeking treatment. On
the other hand, due to the high demand for orthodontic treatment in North
America, most odontomas are diagnosed and reported thereby increasing their

prevalence.

The reported surgical methods for the management of these tumours is almost
as varied as the number of tumours within this group, leading to significant debate
as to the best method to manage them. While it is agreed that the vast majority
of these tumours are benign, surgical treatment should intend to be curative while
simultaneously minimizing deformity. Nevertheless, there is considerable
disagreement in the literature regarding the biological behaviour of these
neoplasms and the best methods to manage them (Brierley et al, 2017; Carlson

& McCoy, 2005).

Conventional ameloblastomas are benign locally aggressive tumours that are
susceptible to continued development when managed conservatively (Ranchod
et al, 2021). Numerous studies have endorsed resection of this neoplasm with a
clear bony margin. Such a method is curative, while also permitting immediate or

delayed reconstruction of the defect. Similarly, such treatment has also been
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shown to be effective in the management of other aggressive odontogenic
tumours including odontogenic myxomas and calcifying epithelial odontogenic

tumours (Covello & Buchbinder, 2016).

On the contrary, unicystic ameloblastomas (UAM) are cystic neoplasms whose
management is debatable and largely based on their histological subtype (El-
Naggar et al, 2017). Some authors reported that due to their neoplastic nature,
they should be treated similarly to a conventional ameloblastoma, while others
propose more conservative methods (Titinchi & Brennan, 2022; EI-Naggar et

al, 2017).

Malignant odontogenic tumours may arise de novo but more often originate from
their benign precursors. Approximately 4% of all odontogenic tumours are
malignant with very limited data available regarding their clinico-pathological
features (Avelar et al, 2011). Definitive diagnosis of these lesions may be
challenging due to the relative lack of diagnostic information available in the
literature. In addition, the complex and constantly-evolving classification of these
lesions adds to difficulties in management (Sathasivam et al, 2021; EI-Naggar et

al, 2017).

Advanced imaging plays an important role in confirming the intra-osseous nature
of these lesions and it is important to rule out the possibility of a metastatic lesion
prior to making a definitive diagnosis of a primary odontogenic malignancy.
Recently, there have been developments in molecular studies, however,
diagnosis of these neoplasms remains largely reliant still on the correlation of

clinical, radiological and histopathological findings (Brierley et al, 2017).
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Ameloblastic carcinomas and clear cell odontogenic carcinomas (CCOC) are the
most common lesions in this malignant group which require more radical cancer
therapies, and are linked with less favourable outcomes (Titinchi et al, 2021a).
Long-term follow-up is mandatory for all patients diagnosed with odontogenic

tumours so as to detect any recurrences (Covello & Buchbinder, 2016).

Hence, odontogenic tumours can present significant diagnostic challenges due
to their comparatively low frequency, somewhat intertwined histology and
understated discerning features. Despite similarities in their clinico-pathological
features, the biological behaviour and pertinent management varies significantly

between neoplasms and accurate diagnosis is crucial (Brierley et al, 2017).

1.3. Non-odontogenic lesions

Non-odontogenic lesions in the Maxillofacial bones are not related to the tooth-
forming process. These entities include both non-neoplastic and neoplastic
lesions with a few being unique to this region and are not observed elsewhere in

the skeleton (Coleman et al, 2018).

Non-neoplastic lesions comprise cysts and cyst-like lesions, giant cell lesions as
well as fibro-osseous lesions. Neoplastic non-odontogenic lesions include
primary bone neoplasms which are rare when compared to metastatic disease of

bone (Coleman et al, 2018).

Presenting symptoms in these entities are usually non-specific and include

swelling, asymmetry of the face, induration, paraesthesia, bleeding and tooth
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mobility. Most lesions do not cause pain due to the slow rate of growth (Becker
et al, 2017). Diagnosis involves a multidisciplinary approach requiring accurate
correlation of radiological and histopathological findings with clinical details.
Attempting a diagnosis based on histopathological features alone is highly
misleading and has been strongly discouraged by multiple authors (Coleman et

al, 2018; Titinchi & Morkel, 2016).

Management of non-odontogenic lesions is largely based on their biological
behaviour and local aggressiveness and should be highly individualized for each
lesion. A conservative approach is warranted in some lesions while a more radical
approach including surgical resection may be indicated in others. In some lesions,
such as fibrous dysplasia, surgical treatment may be deferred until the patient
has achieved full skeletal maturity, in which case multiple surface osteotomies
are performed for cosmetic enhancement. In other lesions, such as juvenile
ossifying fibroma (JOF), surgical resection has been advocated by some authors
due to its potential for aggressive growth (Sun et al, 2007). In some lesions, such
as florid cemento-osseous dysplasia, even a biopsy to establish the diagnosis is
contraindicated. This is due to the risk of infection in the dense avascular bony

masses of the lesion (Mainville et al, 2017).

A distinct subgroup of non-odontogenic entities includes metastatic lesions which
rarely occur in the oral cavity and constitute approximately 1% of all oral cavity
malignancies (Irani, 2017). Most metastases occur in the mandible with breast
adenocarcinoma being the most common primary malignancy in females and

pulmonary carcinomas in males. Other less common primary sites include
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reproductive organs, renal and thyroid gland. These metastatic lesions are a
complication of malignancy and frequently develop at the end stage of cancer.
Although these lesions pose diagnostic challenges, their early detection and
management plays an important role in the overall survival of these patients and

improving their quality of life (Irani, 2017).

In summary, the similarities amongst the various pathological entities described
in this chapter highlight the importance of their clinico-pathological features in the
diagnosis of these lesions. There is a need to study the role of these presenting
features in the management and prognosis of bony lesions affecting the jaws.
Therefore, there is a need for long-term clinical studies to formulate evidence-

based diagnostic and therapeutic methods.

Hence, the aim of the work included in this thesis was to describe practical
approaches to the diagnosis and management of odontogenic and maxillofacial
bone lesions based on evidence-based clinical studies. These findings contribute
uniquely to the body of knowledge available in the literature regarding these rare

but often destructive lesions.

22



Chapter 2: Advancing therapeutic and prognostic

outcomes of odontogenic cysts

Odontogenic cysts as described in Chapter 1, occur exclusively within the jaws.
Among them, OKC is the third most common and certainly the most controversial
lesion (Yazdani & Kahnamouii, 2009). OKC is a developmental odontogenic cyst
that arises from remnants of the dental lamina. Although it was initially described
as a cyst in the first (1971) and second (1992) WHO classifications; in 2005 it
was reclassified by WHO as a cystic neoplasm and its name changed to

keratocystic odontogenic tumour (KCOT) (Martin & Speight, 2017).

This reclassification was mainly due to its high recurrence rate, presence of
satellite cysts and mutations in the Patched 1 (PTCH1) tumour suppressor gene
which al/l demonstrated fAaggressiveo
Although PTCH1 gene mutation may be present in up to 85% of OKCs associated
with nevoid basal cell carcinoma syndrome (NBCCS), they are only reported in
30% of sporadic OKCs. In addition, alterations in PTCH1 have been detected in
a number of non-neoplastic lesions including dentigerous cysts. This
demonstrated that neoplasia cannot be merely defined by the occurrence of a
single genetic alteration (Martin & Speight, 2017). Hence, in 2017, WHO reverted

back to the term OKC and classified the lesion as a cyst (EI-Naggar et al, 2017).

This chapter focuses on studies conducted on OKC and its association with
NBCCS. It further explores current evidence-based methods for its management

and identifies prognostic features that predict recurrences.

23

behavi



2.1. Clinico-pathological features of OKC

The clinical and radiological presentation of OKCs is highly variable and can
mimic numerous other lesions in the jaws leading to misdiagnosis (Borghesi et
al, 2018). A retrospective analysis of 145 OKCs was conducted by Titinchi &
Nortje (2012) covering a period of 40 years. It was one of the largest detailed
studies conducted on OKCs in the literature. The lesions affected a wide age
range from 9 to 82 years (mean 34.5 years) and were more common in males
(male-to-female ratio= 1:0.6) which was in line with earlier reports (MacDonald-

Jankowski, 2011; Myoung et al, 2001).

The most common symptom was a slow-growing swelling in the affected jaw
(50.9%) with a mean period of 14 months prior to seeking medical assistance.
Interestingly, approximately 15% of patients in the sample were asymptomatic
and OKCs were discovered incidentally (Titinchi & Nortje, 2012). This further
highlights the risk for the lesion to expand silently causing bone destruction as

described by MacDonald-Jankowski (2011).

The mandible was by far the most affected jaw (75.2%) with the mandibular
posterior and ramus regions being the most affected sites (49.0%) (Titinchi &
Nortje, 2012). These findings were similar to those reported by MacDonald-
Jankowski (2011) and Borghesi et al (2018). Interestingly, seventeen OKCs
(11.7%) were extensive and spanned from the dento-alveolar region all the way
to the mandibular condyle further demonstrating the infiltrative nature of this

lesion (Titinchi & Nortje, 2012).
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Radiographically, the majority of OKCs appeared unilocular (71%) however a
large portion appeared multilocular (29%) mimicking more aggressive neoplasms
(Titinchi & Nortje, 2012). Borghesi et al (2018) reported that when multilocular
OKCs occurred in the posterior regions of the mandible, they are
indistinguishable from ameloblastomas on advanced imaging. Furthermore,
Titinchi & Nortje (2012) demonstrated that 52.4% of OKCs were associated with
impacted teeth which could resemble dentigerous cysts in unilocular lesions. This
was also reported by MacDonald-Jankowski (2011). Root resorption was not
reported to be a common feature of OKCs by Titinchi & Nortje (2012) and was

echoed by Borghesi et al (2018).

Scalloping of the lesion margins has been reported to be indicative of unequal
growth activity within the lining of the cyst and is usually observed in extensive
lesions (Shear & Speight, 2007). Few OKCs (16.5%) showed signs of scalloping
of the margins. A further correlation between the size of the lesions and margin
outline showed that lesions with scalloped margins were significantly (P<0.0001)
larger than cysts without scalloping (Titinchi & Nortje, 2012), thus confirming the

findings of Shear and Speight (2007).

OKCs have been described to grow in an anterior-posterior pattern thereby
causing minimal bucco-lingual expansion (Borghesi et al 2018; Harmon et al,
2015). Similarly, only six lesions (4.1%) caused bucco-lingual expansion
(Titinchi & Nortje, 2012). Although this growth pattern of OKCs may help to
distinguish them from ameloblastomas or dentigerous cysts, it can also cause the

lesion to grow silently and can only be detected at an advanced stage.
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Based on the presenting clinico-pathological features of OKCs, a recurrence
analysis (Table 2) was also performed to determine whether age, gender,
location, size, radiographic appearance, treatment, and association with NBCCS
were related with higher recurrence. It was found that recurrence was significantly
associated with second and eighth decades of life and NBCCS. A possible
explanation for the higher RR in young patients (second decade) could be related
to the conservative methods used in this group. The higher RR in elderly patients
(eighth decade) could be attributed to the large size of these lesions which have

been present for many years (Titinchi & Nortje, 2012).
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Table 2: Recurrence of OKC based on age, site, and radiographic appearance

(adapted from: Titinchi, F. and Nortje, C.J. (2012). Keratocystic odontogenic

tumor: a recurrence analysis of clinical and radiographic parameters. Oral

Surgery, Oral Medicine, Oral Pathology and Oral Radiology, 114(1), pp. 136-

142).

Parameter Proportion of Recurrences (%)

Age (y)
0-9 0/3 (0.0)
10-19* 9/14 (64.3)
20-29 2/11 (18.2)
30-39 2/14 (14.3)
40-49 0/8 (0.0)
50-59 1/7 (14.3)
60-69 1/3 (33.3)
70-79* 4/4 (100)
80-89 0/1 (0.0)

Site
Maxillary anterior region 2/5 (40.0)
Maxillary posterior region 4/9 (44.4)
Mandibular anterior region 1/6 (16.7)
Mandibular posterior region 8/24 (33.3)
Mandibular ramus region 4/20 (20.0)
Mandibular anterior and posterior regions 0/1 (0.0)

Radiographic appearance

Unilocular

12/40 (30.0)
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Multilocular 7125 (28.0)

Scalloping 3/14 (21.4)

*Statistically significant difference (P < .05).

The maxillary posterior region was the most common site of recurrence (RR:
44.4%), however this was not statistically significant (Titinchi & Nortje, 2012).
The posterior maxilla was reported to be a high-risk site for recurrence due to thin
bony cortex, difficulty in accessing the area and the spongy nature of maxillary

bone (Fidele et al, 2019).

2.2. Association of OKC with NBCCS

NBCCS is an autosomal dominant syndrome with a diagnosis based on the
presence of at least two major criteria (including multiple basal cell carcinomas
(BCC), multiple OKCs, ectopic calcifications, family history of NBCCS) or one
major and two minor criteria (including skeletal anomalies, frontal bossing,
medulloblastoma) (Evans et al, 1993). Titinchi et al (2013) performed the first
multi-centre analysis of this syndrome in an African population (Table 3). The
majority of patients (53.3%) affected were below 20 years of age and males were
twice as commonly affected as females. Most patients were mixed race (n:7,;
46.7%) and Caucasians (n:6; 40%) while only two (13.3%) patients were Black
African. Multiple OKCs (mean:3.5 cysts per patient) were present in all patients.
The clinical and radiological features of OKCs were similar to non-syndromic

lesions described by Titinchi & Nortje (2012).
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Table 3: Frequency of clinical findings in 15 South African individuals with
NBCCS (adapted from: Titinchi, F., Nortje, C.J., Parker, M.E. and Van Rensburg,
L. (2013). Nevoid basal cell carcinoma syndrome: a 40-year study in the South

African population. Journal of Oral Pathology and Medicine, 42(2), pp. 162-165).

Clinical manifestations Number Percentage (%)

Major criteria

Keratocystic odontogenic tumours 15 100.0
Falx cerebri calcification 6 40.0
Palmo-plantar pits 4 26.7
Rib anomalies 3 20.0
Multiple basal cell carcinomas 3 20.0
Minor criteria
Skull anomalies (frontal bossing) 3 20.0
Hypertelorism 3 20.0
Multiple basal cell nevi 2 13.3
Hand anomalies 1 6.6
Mental retardation 1 6.6
Visual disturbance and blindness 1 6.6

There was a low frequency of falx cerebri calcifications, BCCs, skull and rib
anomalies (Titinchi et al, 2013) when compared to other populations such as
Italy, Korea, Japan, UK (Endo et al, 2012; Habibi & Jafarzadeh, 2010). Bridging
of the sella turcica was not found to be a specific sign of the syndrome. These
differences could be attributed to genetic, racial, and environmental factors

unique to this African population.

Furthermore, Titinchi & Nortje (2012) highlighted the high recurrence of OKCs
in NBCCS patients (RR=50.0%; mean follow-up: 22.2 months). The study

demonstrated that the recurrence rate of OKCs occurring in NBCCS was
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significantly higher than sporadic OKCs (P<0.001). Manfredi et al (2004) noted
that up to 60% of OKCs in NBCCS patients recurred. However, it was also
highlighted that the clinician must be cautious not to confuse new cyst
development with recurrence of previously treated lesions. Therefore, it may be

challenging to evaluate the precise recurrence rate of OKCs in NBCCS patients.

2.3. Surgical management of OKCs

A number of surgical methods have been deployed for the management of OKCs.
These include conservative options such as enucleation, decompression and
mar supialization. Adj uvant met hods

solution), peripheral ostectomy and cryotherapy (liquid nitrogen) are considered
aggressive options that have shown promising outcomes. Resection is a radical
option that results in the least recurrence but requires extensive reconstruction
(Titinchi, 2020). Despite all these methods, there is a lack of consensus as to
which method produces the lowest RR and avoids high morbidity to the patient

(Al-Moraissi et al, 2017).

It has clearly been demonstrated that enucleation alone results in unacceptably
high RR by numerous studies and should be used in conjunction with adjuvant
methods (Titinchi, 2020; Al-Moraissi et al, 2017; Pogrel, 2013). Titinchi & Nortje
(2012) noted a RR of 30% (mean follow-up: 23.5 months) following enucleation
alone. However, the same study showed that enucleation followed by application

of Catnoydbs sol ution reduced recurrences

30

such

11.



solution was also highlighted by Al-Moraissi et al (2017) and Chrcanovic &

Gomez (2017).

Decompression and marsupialization are surgical techniques which result in
reduction of cyst size over time and allow the cystic lining to become thicker
thereby facilitating easier enucleation. It is hypothesized that the cyst lining
changes from thin parakeratinized layer to a thicker lining resembling the oral
mucosa either by undergoing metaplasia within the OKC lining or by overgrowth
of normal epithelium. These methods also reduce the levels of IL-1 U whi ¢ h
coordinates epithelial cell proliferation in OKCs thereby providing immune-

histochemical evidence that supports these methods (Pogrel, 2013).

Peripheral ostectomy is an adjuvant method whereby methylene blue dye is
applied to stain the cystic lining remnants and a rosehead bur is utilized to remove
these. Cryotherapy (using liquid nitrogen) results in cell necrosis of the epithelial
l'ining in a similar mechanism to Carnoyos
risk of recurrence; however, they can result in injury to adjacent anatomical

structures (Titinchi, 2020; Pogrel, 2013).

The only chemical agent in use to lower recurrence risk of OKCsi s Car noyo0s
solution (containing ferric chloride: 1g; chloroform: 3 mL; glacial acetic acid: 1 mL;

ethyl alcohol 96%: 6 mL). Following enucleation of the lesion lining, the most

widely utilized method invol veswallspfphei cat i on
bony cavity and leaving it in place for five minutes. Following wash out of the

cavity, brown and denatured bone on the walls is burred away. This method is

preferred as it provides the entire lesion lining for histological examination. It also

31



eliminates the risk of seeding cells of the lesion as the material has already being

fixed by Con(Ranelo2813)s ol ut i

A summary of the findings from five systematic reviews on the management of
OKCs were uniquely presented by Titinchi (2020). The study showed that
resection resulted in the lowest RR (4.2%) but the highest morbidity to the patient.
Resection should only be considered for multiple recurrent lesions, multiple
cortical perforations, and soft tissue involvement. Decompression and residual
cystectomy resulted in a low RR of 15.2%; however, Titinchi (2020) argued that
this RR could be reduced even further when this method is combined with
chemical curettage (Carnoyds s anilartoithe

findings of Kaczmarzyk et al (2012).

One of the first evidence-based management protocols for OKCs was formulated
by Titinchi (2020) (Figure 2). It highlights the need to draw up a patient specific
treatment plan based on presenting clinico-pathological features. It reiterates the
importance of advanced imaging in the management of OKCs with MRI being the
only non-invasive method that preoperatively characterizes OKCs accurately. T2-
weighted images display hyper-intensity with signal dropout which is highly
indicative of OKC (sensitivity: 85%). CT and MRI were effective in detecting
cortical perforations and defining the internal structure of the lesion (van

Rensburg et al, 2003).

All patients should undergo an OPG as it is a screening tool to detect any
asymptomatic lesions and gives an overall picture of the clinical scenario. An

incisional biopsy is preferred as it provides preliminary details regarding the
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diagnosis prior to initiating definitive treatment. Management should be selected
based on the presenting clinico-pathological features. = When
decompression/marsupialization is utilized, the period of treatment is determined
by the size of the cyst and periodic assessment of clinical response. Enucleation
is carried out 3-6 months post decompression/marsupialization (Nyimi et al,

2019).
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Management protocol of OKC
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!
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Figure 2: Protocol for the management of odontogenic keratocysts (adapted
from: Titinchi, F. (2020). Protocol for management of Odontogenic Keratocysts
considering recurrence according to treatment methods. Journal of The Korean

Association of Oral and Maxillofacial Surgeons, 46(5), pp. 358i 360).
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2.4. Prognostic factors for recurrence of OKCs

Numerous factors have been postulated for the high recurrence of OKCs. Some
authors have credited the high recurrence to inadequate treatment modalities
(Kaczmarzyk et al, 2012; Stoelinga, 2001) while others have associated
recurrences with certain clinico-pathological features such as large size, cortical
perforation and presence of daughter cysts (Kaczmarzyk et al, 2018; Naruse et
al, 2017). The later studies demonstrated that selected clinico-pathological

features may predispose the patient to a higher risk of recurrence.

A systematic review of the literature was performed to identify all clinico-
pathological features associated with high recurrence of OKCs (Titinchi, 2021d).
It was the first study that formulated a recurrence risk stratification and attempted
to grade OKCs according to their risk for recurrence (Table 4). The identified
clinico-pathological features from the included studies were then graded based
on their risk for recurrence as reported by the original studies. When multiple
studies reported that a certain clinico-pathological feature was significantly
associated with recurrences then it was assigned the maximum three points. If
only a single study reported significant association then the feature was allocated
two points and one point was assigned if an association was present but no

significance correlation was reported (Titinchi, 2021d).
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Table 4: Recurrence risk stratification of OKCs based on clinico-pathological
parameters (adapted from: Titinchi, F. (2021d). Novel recurrence risk
stratification of Odontogenic keratocysts: a systematic review. Oral Diseases,
published online ahead of print. Available at: 10.1111/0di.13931).

Parameter Points

Demographic and clinical features

Age (2nd, 5th, 8th decades)

OKC as part of NBCCS

Impaired general health (asthma, hypertension & heart disease)

N

Radiological features
Multilocular appearance
Perforation of the cortex
Large size on panoramic radiograph (>4cm)
Teeth associated with the lesion

N W W W W

Location (Mandibular molar/posterior)

Histopathological features
Daughter cysts
Epithelial budding
Hyalinization of sub-epithelial connective tissue
Mitotic figures
Presence of odontogenic rests
Presence of inflammatory infiltrate

R N N NN WO W

Thin capsule

Immunohistochemical features
High Ki67 expression (labelling index >10% in Basal layer)
High AgQNOR count
CD34 overexpression
Strong positivity for bcl-2
Immunoreactivity of SMO
High MDM2 score
High p53 expression

N N N NN WO W

Cyclin D1 expression 1

Recurrence risk grading Total points
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High risk > 6
Intermediate risk 3-6
Low risk <2

*Three points were allocated when multiple studies reported that a clinico-
pathological feature was significantly associated with recurrences. Two points
were allocated when only a single study reported significant association with a
specific clinico-pathological feature. One point was assigned if an association
was present but no significant correlation was found.

The total sum of points for the variables was collated to determine the risk
category (high, intermediate or low risk). The lesions were graded as high-risk
when two significantly associated parameters or three moderately associated
parameters were present. This was done to discern lesions with significant
features for recurrence and identify them for more aggressive surgical treatment

than moderate or low-risk lesions (Titinchi, 2021d).

The main findings of the systematic review are discussed below:

Strong link has been reported between age and high OKC recurrence by
multiple studies (MacDonald et al., 2013; Titinchi & Nortje, 2012; Myoung et
al, 2001). However, Fidele et al (2019) demonstrated a weak link between
age and recurrence of OKCs. Moreover, the age categories identified to be
associated with high OKC recurrence ranged widely from 2nd to 8th decades
of life. There is a risk that lesions may have been recurrent in the older age

groups or perhaps they were missed primary lesions.

Only one study clearly demonstrated a link between NBCCS and higher
recurrence of OKCs (Titinchi & Nortje, 2012). Although few studies focused

on recurrence of OKCs in this syndrome, its well established that the
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development of these lesions is driven by PTCH1 gene mutation (Guo et al,

2013).

Location of OKCs were not strongly associated with recurrences. This was
also shown by Titinchi & Nortje (2012). The posterior mandible displayed a
moderate risk of recurrence but other parameters (size and locularity) have a

bigger role to play (Myoung et al, 2001).

Multilocular OKCs were strongly associated with recurrence as were
perforation of the lesion through the cortex and into neighbouring tissues

(Fidele et al, 2019; Kaczmarzyk et al, 2018; Tabrizi et al, 2014).

Lesions larger than 4cm in widest diameter on radiographs showed a
significantly higher RR with poorer outcomes (Kaczmarzyk et al, 2018; Tabrizi
et al, 2014; Yagyuu et al, 2008). Although multiple studies reported different

diameters associated with recurrences, the lowest value was selected.

Retaining dentition within OKC lesions has been implicated in higher
recurrences. Preserving the involved dentition can leave pathological tissue
within the lesion. Furthermore, the roots of the dentition can extend into the
cyst lumen and therefore interfere with complete removal of the cyst lining

(Fidele et al, 2019).

The presence of daughter cysts and epithelial budding on histopathological
examination were strongly linked with high recurrence (de Franca et al, 2021,

Fidele et al, 2019; Myoung et al, 2001). It is thus important for the pathologist
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to identify these features on a biopsy specimen who in turn should inform the

surgeon in order to devise a more appropriate surgical plan.

Hyalinization of subepithelial connective tissue and presence of mitotic figures
were reported to be significantly associated with recurrences (Cottom et al,
2012). This was the only study that reported such findings and hence these
two features have been deemed to be of moderate risk as further

investigations are required.

High Ki67 expression and AgNOR count showed significant association with
OKC recurrence by multiple studies (Selvi et al, 2012; Kuroyanagi et al, 2009).
The pathologist should once again be vigilant to highlight these findings to the

surgeon.

Tumour-suppressor protein (p53) plays an important role in predicting
recurrence and its positivity has been rated as moderate risk (Razavi et al,
2014). On the contrary, Kaczmarzyk et al (2018) showed no significant
connection between proliferating cell nuclear antigen (PCNA)

immunopositivity and high RR.

This pioneering recurrence risk stratification based on the presenting clinico-

pathological features of OKCs has important implications for their surgical

management. High-risk lesions should be managed more aggressively

(enucleation with adjuvant methods or resection) while low-risk lesions can be

managed more conservatively (marsupialization/decompression or enucleation).

This stratification can also be used as a tool to aid clinicians in determining follow-

up visits to detect recurrences (Titinchi, 2021d).
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Chapter 3: Approaches to the diagnosis and

management of odontogenic tumours

Odontogenic tumours include a complex group of over twenty lesions with varied
histopathological types and radiological presentations. The clinical presentation
varies from true neoplasms including the ability to metastasize to non-neoplastic,
self-limiting abnormal cellular growths known as hamartoma. The need for an
accurate diagnosis cannot be overstated; on the one hand to avert unnecessary
invasive treatment for self-limiting, non-invasive lesions as in the case of
hamartomas, while on the other hand to avoid mismanagement of aggressive
neoplasms. Due to overlapping clinico-pathological features, this is not always

straightforward (Brierley et al, 2017; Slootweg, 2010).

This chapter focuses on studies conducted on ameloblastomas, odontogenic
myxomas and clear cell odontogenic carcinoma. It explores the clinical features,
diagnostic advanced imaging and histopathological findings of these tumours as

well as the surgical management.

3.1. Clinico-pathological features and management of Ameloblastoma

Ameloblastomas are benign, slow-growing, locally invasive odontogenic
neoplasms of epithelial origin. They constitute approximately 14% of all tumours
and cysts in the jaws, and are the most common odontogenic tumour in

developing countries (Oginni et al, 2015). The worldwide incidence of
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ameloblastoma is about 0.92 cases per million persons per year (Hendra et al,
2020) and is the most frequently encountered odontogenic tumour in Africa and

China (Effiom et al, 2018).

A retrospective, descriptive cohort of 148 mandibular ameloblastomas over a
period of 45 years were analysed (Ranchod et al, 2021). The study selected
mandibular lesions due to their distinct radiographic and histopathological
features as a result of the ma n d i lidigeedamatomy. The tumour affected a
wide age range (11-83 years; mean: 32.99 years) with equal distribution between
males and females. These findings were not significantly different from previous

reports (Ranchod et al, 2021).

The majority of patients (58.8%) in the study were black African. This is despite
the fact that bl ack Africans <c¢onston
(Ranchod et al, 2021). This high frequency of ameloblastoma in black Africans
when compared to Caucasian populations has been highlighted by other studies
(McClary et al, 2016; Ajayi et al, 2004). However, Oginni et al (2015) reported a

comparable incidence in Caucasian and black African populations.

Ameloblastoma affects the mandible five times more than the maxilla with the
mandibular posterior regions being the most frequently involved site (Ranchod
et al, 2021). The differences in prevalence between the upper and lower jaws
could be attributed to unique genetic alterations at each site. BRAFV600E is the
most common gene mutation in mandibular lesions whereas SMO gene mutation

is most commonly found in maxillary tumours (El-Naggar et al, 2017).
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There was a nearly equal distribution of radiolucent and mixed radiolucent-
radiopaque lesions (Ranchod et al, 2021). This is conflicting to the findings of a
systematic review by Macdonald-Jankowski et al (2004) in which radiolucent
lesions predominate. The reason for the high occurrence of mixed density lesions
could be related to the late presentation of a large number of patients whereby
the tumours have progressed over time. Furthermore, ameloblastomas in this
African population (mean: 86.39mm) were twice the size of tumours reported in
the literature (mean: 43mm) (Fulco et al, 2010). This significant difference could

be related to late presentation of patients as well.

A soap-bubble appearance was the most common radiographic pattern (68.3%).
Although not pathognomonic for ameloblastomas, it is highly suggestive. In
addition, the presence of root resorption in multilocular lesions (66.38%) should
place ameloblastomas high on the list of differential diagnosis (Ranchod et al,

2021).

Just over two-thirds of ameloblastomas appeared multilocular (Ranchod et al,
2021). There is a general disagreement in the literature regarding this finding.
Some authors reported a multilocular predominance (ElI-Naggar et al, 2017) while
others reported a unilocular appearance to be more prevalent (Macdonald-
Jankowski et al, 2004). Although there was no significant relation between lesion
locularity and age, it is evident that a younger age is more commonly associated

with unilocular lesions (Ranchod et al, 2021).

Histologically, conventional ameloblastomas were the most common variant

(48.65%) with the follicular pattern being the most predominant (51.39%) followed
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by a plexiform pattern (16.66%). Similar findings are reported by other studies
(EI-Naggar et al, 2017; Fulco et al, 2010). Unicystic ameloblastomas (UAM)
comprised 29.5% of total ameloblastomas (Titinchi & Brennan, 2022). El-

Naggar et al (2017) reported that UAMs form 5-22% of all ameloblastomas.

UAM is a distinct variant of ameloblastoma recognised by its cystic appearance
and unique histopathological features. It presents in younger patients when
compared to conventional ameloblastomas and can mimic a dentigerous cyst
when an impacted tooth is present within the lesion (Titinchi & Brennan, 2022).
It has three distinct histopathological subtypes. When the tumour is confined to
the epithelial lining only, it is diagnosed as luminal subtype while the intraluminal
subtype displays outgrowths of the tumour lining into the lumen of the cyst. Mural
subtype is the most aggressive form whereby the tumour invades the peri-cystic

tissues (EI-Naggar et al, 2017).

There is a lack of large population-based studies focusing exclusively on UAM
with long-term follow-up. Hence, a multicentre retrospective analysis of 63 UAMs
presenting over a 25-year period was carried out. It analysed the clinico-
pathological presentation, surgical management and recurrence patterns in one

of the largest cohorts of UAMs in the literature (Titinchi & Brennan, 2022).

There was a large portion of UAMs occurring in the anterior mandible (42.9%)
which is vastly different than conventional ameloblastomas described by
Ranchod et al (2021). Moreover, 12.7% of UAMs appeared as multilocular

especially in the posterior mandible (Titinchi & Brennan, 2022). This finding
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further complicates diagnosis as it is expected that UAMs should appear

unilocular on radiographs (ElI-Naggar et al, 2017).

Perforation of the bony cortex is an important radiological feature to identify on
advanced imaging as it plays an important role in the surgical management of
UAMSs (Zheng et al, 2019). Most cortical perforations were found in the mural
subtype of UAM (76.9%) which further highlights its aggressive nature (Titinchi

& Brennan, 2022).

Root resorption was a prominent feature of UAMs as with the conventional
ameloblastomas described by Ranchod et al (2021). In addition, Zheng et al
(2019) pointed out that the occurrence of root resorption in conjunction with
cortical perforation and mural subtype could display aggressive biological
potential which requires more invasive methods of therapy. The recurrence
analysis by Titinchi & Brennan (2022) showed that the above three features
were indeed significantly associated with recurrences along with male gender,

large lesions (>90mm) and retention of associated teeth (Table 5).
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Table 5: Summary of clinico-pathological features associated with recurrent UAM
(adapted from: Titinchi, F. and Brennan, P.A. (2022). Unicystic Ameloblastoma:
analysis of surgical management and recurrence risk factors. British Journal of
Oral and Maxillofacial Surgery, 60(3), pp.337-342).

Recurrent Non-recurrent

UAM UAM P-value
Age (years) 16.3 27.5 0.22*
Gender (M:F) 7:0 29:27 0.01*
Jaw (Mandible:Maxilla) 7:0 52:4 1.0*
Size (mm) 96.3 68.2 0.09%
Root resorption (Yes:No) 7:0 28:23 0.03*
Cortical perforation (Yes:No) 4:3 9:47 0.02*
Histopathological subtype (Luminal 16 3620 0.01*

& Intraluminal:Mural)
Extraction of involved teeth (Yes:No) 34 40:9 0.04*

*Fi sher 6 s 78« ad e-test;é&igrificance set at p<0.05.

The histopathological diagnosis of UAMs has been described to be one of the
most important diagnostic and prognostic factors of this tumour (Wright & Vered,
2017). The luminal and intraluminal subtypes have a similar biological behaviour
as odontogenic cysts (Siriwardena et al, 2018). Conversely, the mural subtype
has the ability to invade adjacent tissues and is associated with higher
recurrences and adverse outcomes (Zheng et al, 2019) which Titinchi &

Brennan (2022) confirmed.

There is no consensus in the literature regarding the surgical management of
UAMs. Some studies recommend simple enucleation due to the cystic structure
of the tumour (Lau & Samman, 2006) while others advocate more radical

methods due to the neoplastic nature of UAMs, to prevent recurrences

45



(Nakamura et al, 2002). Despite resection showing the least recurrences, several
complications are usually encountered even following reconstruction. These
include deformity, dysfunction and psychological suffering, particularly amongst
younger patients (Lau & Samman, 2006). Conservative methods including
enucl eation of the Il esion |lining along wit
peripheral ostectomy were related with notably less aesthetic and functional
impairment; however, they can lead to higher recurrences if not performed

meticulously (Titinchi & Brennan, 2022; Haq et al, 2016).

Enucleation has been associated with significantly high RR (RR: 20%) (Titinchi
& Brennan, 2022) while Lau and Samman (2006) reported even higher RR of
30.5%. Although marsupialization resulted in high RR of 25% (Titinchi &
Brennan, 2022), it has been reported to be useful in management of extensive

lesions located in areas of the jaws with limited access (Zheng et al, 2019).

When managing UAMs, its best to utilize a treatment method that can
concomitantly confirm the histopathological diagnosis and provide predictable
out comes. Enucl eati on foll owed by applica
peripheral ostectomy achieves these goals. This method allows for the entire cyst
lining to be examined while it also achieves low RR with reduced morbidity to the
patient. One of the first protocols for the management of UAM was formulated by

Titinchi & Brennan (2022) and presented in Table 6.
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Table 6: Proposed surgical protocol for the management of UAMs (adapted from:

Titinchi, F. and Brennan, P.A. (2022). Unicystic Ameloblastoma: analysis of

surgical management and recurrence risk factors. British Journal of Oral and
Maxillofacial Surgery, 60(3), pp.337-342).

Enucleation alone

Not recommended by findings in this study
Can only be utilized in easily accessible areas

with luminal and intraluminal subtypes

Marsupialization/decompressi
on followed by enucleation

For difficult to access regions such as
ascending ramus/posterior maxilla

Should be avoided in the mural subtype with
cortical perforations

Post enucl eation, Ca
be applied and burring of the peripheral bone

margin performed to reduce recurrences

Enucleation  followed by
Carnoy's solution & burring of
the peripheral bone margin

Most suitable method for most UAM 1 first
line therapy

Can be utilized for cases with easily
accessible cortical perforation

Less morbidity than resection with low

recurrence rate

Resection with reconstruction

Reserved for cases with multiple inaccessible
perforations of the cortex

Extensive lesions involving condyle/coronoid
process

Multilocular lesions
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3.2. Clinico-pathological features of odontogenic myxoma and correlation

with advanced imaging

Odontogenic myxoma (OM) is a benign, locally aggressive neoplasm of
mesenchymal origin. It is the third most common odontogenic tumour following
odontoma and ameloblastoma and accounts for 2-5% of cases (El-Naggar et al,
2017). Due to the relative rarity of this tumour, there are only a handful of detailed
studies on its clinico-pathological presentation and advanced imaging features.
A retrospective analysis was performed by Titinchi et al (2016) whereby the
majority of OMs were diagnosed in the third decade of life (37.9%) with mean age
of 21.3 years. This was considerably younger than other population groups.
Moreover, the study showed that females were more than twice as affected as

males and this was confirmed by El-Naggar et al (2017).

Most clinical features of OM were non-specific with swelling (58.6%) and pain
(31%) being most common (Titinchi et al, 2016). These were similar to findings
of a systematic review by MacDonald-Jankowski et al (2002). With regards to
site, the mandible was the most affected jaw (62.1%) with the posterior regions

being most frequently involved (Figure 3).
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Figure 3: Schematic drawing of distribution of odontogenic myxoma in the jaws
(adapted from: Titinchi, F., Hassan, B., Morkel, J. and Nortje, C. (2016).

Odontogenic Myxoma: literature review and retrospective study of 29 cases in

the South African population. Journal of Oral Pathology and Medicine, 45 (8), pp.
599-604).

*Mandible divided into anterior region: midline to canine; posterior region: first
premolar to angle; ascending ramus: angle to subcondyle and condyle region.
Maxilla divided into anterior region: midline to canine & posterior region: first
premolar to tuberosity.

On conventional radiographs, OMs can appear as unilocular or multilocular
radiolucencies with the majority of unilocular lesions occurring in the maxilla
(63.6%), while most multilocular lesions presented in the mandible (77.7%).
Moreover, multilocular tumours were significantly (P<0.05) larger in size than
unilocular tumours (Titinchi et al, 2016). Similar findings were reported by Noffke
et al (2007). Root resorption was infrequent in OM (3.8%) and this may aid in
differentiating this tumour from ameloblastoma in which root resorption is more
common as shown in previous studies (Titinchi & Brennan, 2022; Ranchod et

al, 2021).

Maxillary OM frequently encroach into the maxillary sinus leading to expansion

at an advanced stage. This expansion is distinct from the balloon-like expansion
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of ameloblastomas but is similar to that caused by fibrous dysplasia due to the
infiltrative nature of OM (Titinchi et al, 2016; Noffke et al, 2007). Buccolingual
expansion of the mandibular cortex was also commonly noted by Titinchi et al

(2016) and highlighted by MacDonald-Jankowski et al (2002).

On a soft tissue window setting, the attenuation values of OMs on CT were similar
to surrounding muscle tissue with a characteristic feature of trabeculae of fine
lace-like density. CT showed that all OMs displayed cortical perforation in focal
or localized areas. Despite that, most OMs (75%) were well-demarcated from the
surrounding tissues indicating that not all OMs with cortical perforation represent
soft tissue invasion (Kheir et al, 2013). It has been postulated that the periosteum
acts as a barrier by preventing extension of OMs into adjacent tissues (Koseki et
al, 2003). A pseudocapsule is formed as a result of compression of soft tissue,
which assists in easily defining OMs from the surrounding tissues even when
cortical perforation occurs. Hence, soft tissue invasion can be identified by focal

interruption and absence of the pseudocapsule (Kheir et al, 2013).

There is a substantial debate regarding the internal structure and locularity of OM.
Some studies suggested that the presence or absence of loculation designates
the stage of tumour development (Brannon, 2004). It is believed that OM begins
as a multilocular lesion that enlarges in size along with continued resorption of
the internal trabeculae and consequent conversion into a unilocular lesion. This
theory assists in explaining the appearance of OM, especially tumours presenting
with a combined honeycomb pattern together with fine trabeculae. However,

Kheir et al, (2013) uniquely demonstrated that on MRI and CT some trabeculae
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were noted to be fibrous or collagenous in nature, suggesting that they developed

within the tumour.

On the other hand, trabeculated and non-trabeculated OM can occur
independently with some OM appearing as small radiolucent tumours without
trabeculae, whereas others presented as large multilocular tumours. Therefore,
it is clear that different radiographic patterns can occur independently.
Additionally, these findings support the notion that trabeculae can develop within

a unilocular OM and reconfigure it into a multilocular lesion (Kheir et al, 2013).

One of the first detailed studies on the diagnostic features of OM on MRI reported
that all tumours appeared well to moderately demarcated (Kheir et al, 2013).
MRI assisted in differentiating myxomatous and collagenous components within
the tumour by allocating signal intensities to various tissues. The majority of OM
(90%) displayed a mixture of both components while only one OM appeared
predominantly myxomatous. When the tumour invaded adjacent soft tissues such
as the floor of the mouth, MRI was capable of differentiating tumour tissue and
heathy tissues. This is one major advantage of MRI over other imaging

modalities.

OM and haemangioma can display a similar radiological picture. MRI displayed
high reliability in ascertaining the vascular nature of a lesion thereby discerning
the two lesions (van Rensburg et al, 1994). Moreover, the periphery of OM and
patterns of growth were clearly portrayed. Although OM demonstrated a smooth

wall, focal areas of scalloping, crevices, budding, and lobulations were observed.
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These features highlighted the distinct infiltrative behaviour of OM (Kheir et al,

2013).

Kheir et al (2013) uniquely correlated the radiographic findings of OM with CT
and MRI. All OM appeared as well or moderately defined on advanced imaging
modalities. However, on OPG most OM appeared as poor or ill-defined. Most ill-
defined lesions presented in the posterior maxilla (75%). Cortication of the
peripheral margin was well demonstrated on CT with most OMs (80%) appearing
as well-demarcated with a radio-opaque margin, whereas it unsurprisingly
appeared dark on MRI. EI-Naggar et al (2017) concurred with the accuracy of CT
and MRI to identify the anatomical limits of OMs. Panoramic radiography was
less accurate (60%) in detecting cortication due the inherent limitation that if the
area of interest was not within the focal trough then it is missed. OPGs also lacked
accuracy in detecting locularity with 20% of OMs appearing as multilocular on
OPG but were found to be unilocular on MRI and CT. This is due to the presence
of trabeculae that did not separate the tumour entirely (Kheir et al, 2013). Similar

findings were reported by Koseki et al (2003).

Distinct growth patterns were detected in all OM on MRI and CT, and were
described as lobulations, budding, and crevice formation. These infiltrative
growth patterns significantly contribute to the high RR associated with OM. OPG
being a two-dimensional modality, was unsuccessful in detecting the growth
pattern of OM which validated the superiority of advanced imaging and
highlighted the mandatory use of these modalities in diagnosis and surgical

planning (Kheir et al, 2013).
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The histological features of OMs have been widely described yet there are
several variations in its presentation. All OMs comprised of stellate to spindle-
shaped cells in an intercellular matrix rich in mucoid (El-Naggar et al, 2017;
Titinchi et al, 2016). Odontogenic epithelial rests were rare (6.9%) as confirmed
by others (EI-Naggar et al, 2017). There are contrary opinions regarding the role
of these rests in the pathogenesis of OM with some authors describing its role in
the devel opment of myxoma cell s, whil e oth
restsé with no role in the establishment o]
presence of these rests has been attributed to epithelial entrapment of

neurovascular bundle (Etemad-Moghadam et al, 2014).

3.3. Diagnosis and management of clear cell odontogenic carcinoma

(CCOC)

CCOC is a rare malignant odontogenic neoplasm identified by the presence of
sheets and islands of vacuolated and clear cells. It affects older patients (mean:
52.8 years) and has a distinct predilection for the mandible (75%). Clinical
features are non-specific as shown by Titinchi et al (2021a) whereby the patient
was initially thought to have gingival hyperplasia. On radiographic examination,
the features of CCOC were variable with most lesions appearing as ill-defined
unilocular or multilocular radiolucencies with cortical erosion and spread into
adjacent soft tissues (Titinchi et al, 2021a). EWSR1 rearrangements occurred

frequently (80%) in CCOC (EI-Naggar et al, 2017).
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The presence of clear cells in odontogenic lesions is not surprising as many
lesions are thought to originate from remnants of dental lamina which contain a
fair number of clear cells. Clear cells have been reported in odontogenic cysts
(such as lateral periodontal cysts) as well as benign and malignant odontogenic
tumours (such as ameloblastomas, calcifying epithelial odontogenic tumours,

ameloblastic carcinomas) (Loyola et al, 2015).

The list of differential diagnoses for CCOC includes odontogenic, salivary and
metastatic tumours with a prominent clear cell component. To distinguish
between ameloblastoma/ameloblastic carcinoma and CCOC, most
ameloblastomas were reported to have BRAF mutations while CCOC was

characterized by EWSR-ATF1 or EWSR-CREB fusion (El-Naggar et al, 2017).

The clear cell version of mucoepidermoid carcinoma (MEC) can obscure the
diagnosis of CCOC. MEC displays focal solid nests of tumour cells comprising of
a mixture of epidermoid, mucous and intermediate cells. Moreover, 70% of MEC
demonstrate MECT1-MAML2 fusion transcript which could aid in establishing the

diagnosis (Titinchi et al, 2021a).

Of all metastatic tumours, renal cell carcinoma (RCC) most intimately resembles
CCOC. Metastatic RCC must be excluded by imaging (e.g. ultrasound) and
histological examination. In metastatic RCC, histological examination
demonstrates much smaller islands of clear cells with distinct capillary septa

(Titinchi et al, 2021a).

Most CCOCs display locally aggressive characteristics with some patients

(11.2%) suffering from metastasis and death (Titinchi et al, 2021a). CCOC
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should be managed with a wide resection margin. Local excision/curettage has
shown to be inadequate often leading to recurrences. Guastaldi et al (2019)
reported a recurrence/metastasis rate of 43.2%. Most metastatic lesions have
been detected in regional lymph nodes and rarely in the brain, liver and lungs

(Titinchi et al, 2021a).

Titinchi et al (2021a) uniquely identified that most deaths reported in the
literature, occurred in patients with biphasic histomorphology (67%) similar to the
case described by Titinchi et al (2021a). Hence, this study recommended that
patients with biphasic histo-morphology should be treated more radically and the

patients should be closely monitored to reduce mortality.
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Chapter 4: Surgical approaches to non-odontogenic

lesions

Non-odontogenic lesions encompass a wide range of cysts and tumours not
derived from the tooth-forming apparatus. Some of these may present in other
regions of the skeleton while others are unique to the Maxillofacial region. The
diagnosis of these lesions requires collaboration between pathologists and
clinicians to arrive at an accurate diagnosis. Surgical management is widely
debated and ranges from conservative methods to radical surgery (Coleman et
al, 2018). This chapter therefore focuses on the diagnosis of selected non-

odontogenic lesions and provides insights into their surgical management.

4.1. Clinico-pathological features and management of Juvenile ossifying

fibroma

JOF is a benign fibro-osseous neoplasm that exclusively affects the Maxillofacial
region. It is a rare variant of ossifying fiboroma (OF) that is thought to occur mainly
in children and young adults. Besides younger age, JOF is distinguished from OF
by location, clinical behaviour and histopathological features. JOF is further
classified into trabecular (JTOF) and psammomatoid (JPOF) types. According to
WHO, JTOF presents in very young patients (mean: 8.5-12 years) and involves
the maxilla more than the mandible. Itis recognized by the presence of trabeculae
and fibrillar osteoid and woven bone. JPOF has been reported to occur in

adolescents and young adults and affects mostly extra-gnathic bones such as the
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orbital and frontal bones. It is identified by the occurrence of small uniform

spherical ossicles that are known as psammoma bodies (EI-Naggar et al, 2017).

Due to the paucity of large studies on these rare neoplasms, a retrospective
analysis was performed on a South African population with long-term follow-up.
Both types of JOF presented in younger patients as previously highlighted in a
systematic review by Chrcanovic & Gomez (2020). There was male
predominance in the affected patient sample which is vastly different from other
reports. Most lesions displayed aggressive behaviour by causing rapid expansion

and invasion of adjacent structures (Titinchi, 2021c).

Site is one of the main diagnostic criteria for JOF with mandibular involvement
being rare. Uniquely, most lesions occurred in the mandible with only three JTOF
tumours occurring in the maxilla and one in the sinonasal area (Titinchi, 2021c).
Williams et al. (2000) also reported a high incidence of JOF (75%) in the
mandible. These findings demonstrated that site may not be a crucial criterion in

the diagnosis of JOF as previously reported (Titinchi, 2021c).

Imaging plays an integral part in the correlation of clinico-pathological features to
establish an accurate diagnosis. JOF were well-demarcated lesions (n:14;
82.4%) with mixed radio-density (n:12; 70.6%) which aids in distinguishing them
from fibrous dysplasia, which tends to be ill-defined (Titinchi, 2021c). The
literature reports that more than three-quarters of JOF appear unilocular on
radiographs (Chrcanovic & Gomez, 2020). This was similarly reported by Titinchi

(2021c). These findings support the concept of curettage as the primary
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treatment modality as most of these lesions are well-demarcated and consist of

a singular compartment (Titinchi, 2021c).

JOF lesions were significantly larger in size when compared to conventional
cement-ossifying fioromas in the same population (Titinchi & Morkel, 2016).
Moreover, root resorption (n:6; 35.3%) and tooth displacement (n:13; 76.5%)
were considerably more common in the study by Titinchi (2021c) than in the
literature (Chrcanovic & Gomez, 2020). These further highlight the aggressive

nature of JOF.

Owing to its aggressive nature and high RR, the most appropriate surgical
method for management of JOF is widely debated. Han et al. (2016) and Sarode
et al. (2011) advocated radical methods such as resection to treat these
neoplasms. Although these methods produced very low RR, they cause
substantial morbidity and disfigurement for these young patients. Conversely,
Chrcanovic and Gomez (2020) reported satisfactory results with curettage and
peripheral ostectomy based on a systematic review of the literature. This method
has lower morbidity and has been advocated as first-line treatment for JOF.
Results from the study by Titinchi (2021c) confirmed similar findings in that
curettage in combination with peripheral ostectomy produced an acceptably low
RR of 10%. The study further recommended that resection should be utilized for
very aggressive and recurrent lesions where more conservative methods have
failed. Table 7 presents a management protocol based on the findings by Titinchi

(2021c) and supported by data from Chrcanovic & Gomez (2020).
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Table 7: Protocol for surgical management of JOF (adapted from: Titinchi, F.
(2021c). Juvenile ossifying fibroma of the maxillofacial region: analysis of clinico-
pathological features and management. Medicina Oral Patologia Oral Cirugia
Bucal, 26(5), pp. €590-597).

Surgical method Case selection

Small, well-defined lesions in the mandible
Enucleation This method is not recommended for this

aggressive lesion

First line of management for most JOF lesions

_ Medium-to-large neoplasms in the mandible and
Curettage with _
_ maxilla
peripheral ostectomy _ ' _ _
Unilocular/multilocular and well-defined lesions on

computed tomography

Large, infiltrative lesions especially in posterior
maxilla
_ _ lll-defined borders, multilocular appearance on
Resection with
) computed tomography

reconstruction
Recurrent neoplasms
Resection should be with clear margin of not more

than 5 mm

4.2. Surgical management of osteoma of mandibular condyle

Osteoma is a benign bony neoplasm that can occur in various regions of the
skeleton and infrequently involves the Maxillofacial region. It is a very slow
growing neoplasm that seldom causes functional limitation unless it occurs in the

temporo-mandibular joint (TMJ) (Mancini et al, 2005). A 60-year old male
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presented with limited mouth opening and gross deviation of the mandible
(15mm) that has been slowly progressing for a few years. The patient reported a

history of trauma to the mandible 16 years prior (Ostrofsky et al, 2019).

CT revealed a radiopaque mass measuring 30X20 mm attached to the right
mandibular condyle and encroaching onto the middle cranial fossa. A
radionuclide bone scan confirmed that the lesion was actively growing. A
definitive diagnosis could not be obtained prior to surgical resection of the lesion
due to its location. Following condylectomy, a TMJ prosthesis was inserted to
restore the anatomy and function. Histological examination of the specimen

confirmed the diagnosis as osteoma (Ostrofsky et al, 2019).

The study by Ostrofsky et al (2019) summarized the presentation and
management of 22 case-reports in the literature. Middle aged (mean:37.7 years)
males were the most affected group with trauma being a common cause (n:6;
27.3%). Facial asymmetry (n:10; 45.5%), Trismus (n:9; 40.1%), malocclusion
(n:6; 27.3%), swelling and pain in the TMJ area (n: 7; 31.8%) were the most
common symptoms. Radiologically, most lesions were described as irregular
(n:7; 31.8%) with the size of lesions ranging between 15 i 48 mm in diameter

(mean:30.8 mm).

Condylectomy was the most common surgical option (n:14; 63.6%). Surgical
excision was selected when lesions were located laterally or anteriorly.
Ostrofsky et al (2019) reported one of the first cases in the literature whereby
an alloplastic joint was used to reconstruct the TMJ following resection of the

osteoma with acceptable functional and aesthetic outcome.
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Osteomas in the mandibular condyle can be hard to differentiate from
osteochondromas, osteophytes or condyle hyperplasia on imaging. This makes
management more challenging as biopsy is often difficult to obtain due to limited
access. Moreover, due to their benign nature, management is only necessary
when functional limitation occur. Hence thorough correlation of all clinico-
pathological features is important to establish the most-likely diagnosis prior to

definitive management.

4.3. Challenges in the diagnosis of metastatic melanoma to the mandible

Melanoma is an aggressive skin malignancy with frequent metastatic spread to
the skeleton. However, it rarely metastasizes to the jaws and is not routinely
included as part of the differential diagnosis. Moreover, melanoma has a widely
variable histological picture and has been known asToit he gr
complicate matters further, the primary site is not always obvious and can be non-

cutaneous (Noor et al, 2018).

The presenting features of metastatic melanoma to the mandible were
ambiguous as shown by Titinchi et al (2021b) whereby it mimicked a benign
odontogenic neoplasm. The lesion posed a diagnostic challenge as it clinically
and radiographically displayed a well-demarcated radiolucency with minimal
bony destruction and no pigmentation of the oral mucosa. It also showcased non-
specific histopathological features. Due to the presence of highly pleomorphic
cells and mitosis, a malignant neoplasm was suspected. A melanoma screen was

requested as part of the exclusion process rather than clinical suspicion.
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Unexpectedly, the specimen was immunoreactive with melanoma markers which

confirmed the diagnosis (Titinchi et al, 2021b).

Most patients (62%) in the literature presented with metastatic lesions prior to
detection of primary melanoma. Most metastatic lesions to the jaws presented in
the posterior mandible due to the higher volume of bone marrow and variable

vascularity enabling dislodgement of metastatic emboli (Amadeu et al, 2016).

Despite its rare incidence in the jaws, metastatic melanoma should always be
included as part of the screen process in patients who present with unusual
lesions that do not conform with other odontogenic neoplasms. Management
should be radical and aggressive to minimize morbidity and mortality (Titinchi et

al, 2021b).
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Chapter 5: Overall impact and limitations of the studies

5.1. Impact of the included works

The significance of this work is highlighted by the extensive and detailed
presentations based on a large number of pathological lesions affecting the
Maxillofacial region carried out over the last ten years. This work contributes
uniquely to the literature on these rare but often destructive lesions and

contributes positively towards diagnostic and management strategies.

The studies included in this work were cited by numerous systematic reviews
published in international journals of the British, American, Japanese and
European societies of Oral and Maxillofacial Surgery/Pathology/Radiology. The
work was also cited by the 2017 WHO classification of head and neck tumours,
which is considered the leading authority on these lesions. Overall, the included

publications received 191 citations on Google Scholar.

Furthermore, this work has been cited by leading textbooks including 6" & 7%
editions of Cummings Otolaryngology Head and Neck Surgery, Oral and
Maxillofacial Radiology: A diagnostic Approach and Handbook of Oral Pathology
& Oral Medicine, amongst others. These are considered the primary resources
for students and clinicians alike. As such, citations by leading authorities such as
the WHO and society publications have the most important influence on clinical
management of affected patients as they are not only read by researchers but

also by a broader group of clinicians.
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5.2. Limitations of the included studies

A wide variety of investigative methods has been utilized in the included studies.
Most of the studies were descriptive cohorts aiming to analyse the clinico-
pathological features and management outcomes of odontogenic and
maxillofacial bone lesions over an extended period of time. Although this design
IS not recognized as the highest form of evidence due to the absence of a control
group and risk of selection bias, it is nevertheless important in the
characterisation and management of rare diseases (as included in this thesis) as
it provides descriptive information and contributes to building knowledge and

generating hypotheses (Murad et al, 2018).

Although this thesis lacks prospective studies, it is important to highlight that they
are difficult to conduct on these rare lesions. Nonetheless, limitations that are
inherent in all retrospective studies were encountered in this compilation, such
as the lack of standardisation amongst all included patients; despite this all were
treated at the same two tertiary hospitals with affiliation to the same institution.
Various imaging equipment were utilized over the period of study, a number of
surgeons operating at the two sites, various surgical materials and equipment
were utilized. There was also a lack of consistent follow-up as many patients lived
great distances away from these hospitals. This could have an impact on the true

RR of these lesions.

It is important to highlight that no prospective randomised control trials have been
conducted in the literature on the management of odontogenic lesions (Sharif et

al, 2015). This is mainly due to the rarity of these lesions. As previously
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mentioned in Chapter 1, Jones & Franklin (2006) reported the incidence of
odontogenic tumours to be less than 0.5 cases per 100,000 people per year.
Furthermore, it is difficult to standardize patient selection due to the paucity of

these lesions.

In order to improve the reliability of the findings included in this thesis, each study
had strict inclusion and exclusion criterdi
patients that met these criteria were included regardless of the severity of disease
to limit the risk of selection bias. The sampling strategies were based on a specific
disease entity and management outcomes (such as recurrence). All possible
variables of interest were evaluated including any special interventions,
complications and outcomes. Moreover, findings in each study were compared

to those reported in the literature to validate the conclusions.

Although some of the included studies were single case reports, which is
considered to be a low level of evidence (Murad et al, 2016), these lesions were
rarely reported in the literature. The case of metastatic melanoma to the mandible
has only been reported 32 times previously with the amelanotic variant being
exceedingly rare in the oral cavity (Titinchi et al, 2021b). Similarly, osteoma in
the mandibular condyle was only described 22 times in the literature with a limited
focus on the management (Ostrofsky et al, 2019). CCOC was rarely reported in
the literature with only 107 previous cases published and hence it was important
in the study by Titinchi et al (2021a) to highlight the variable clinico-pathological

presentation of this malignant tumour.
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Abu-Zidan et al (2012) and Nakamura et al (2014) demonstrated that case reports
play an important role in understanding the pathophysiology and management of
rare diseases and this is important in educating clinicians and students alike. Firat
et al (2017) also highlighted that group outcomes may not reflect accurately what
occurs in individual patients. To substantiate the findings from the case reports
included in this thesis, all cases published on the topic were reviewed and
included as part of those studies. This is done in order to allow the readers to

apply the evidence derived from these case reports in their clinical practice.

Major limitations of the systematic review conducted by Titinchi (2021d) were
the high level of heterogeneity amongst the included studies. The lack of
standardized follow-up, genetic variations, and diverse clinico-pathological
features in each study could possibly be accountable for some of the
heterogeneity. In addition, most of the included articles in the systematic review
were retrospective observational studies with inadequately controlled
confounders. This may have affected the overall reliability of the results and made

it difficult to infer causality. This also led to the inability to perform a meta-analysis.

Other limitations of the study by Titinchi (2021d) were the inclusion of papers
published in the English language only. This may have excluded articles
published in other languages although most publications routinely include an
abstract in English which would have assisted in identifying these studies.
Moreover, the review only covered a period of 20 years (2000-2020). This may

have excluded earlier studies; however, the rationale for the selected period was
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to concentrate on more recent studies on OKC recurrence, particularly in terms

of histochemical and molecular advances.

Although the study by Titinchi (2020) was not a systematic review of all
systematic reviews conducted on the surgical management of OKCs, it did
combine data from five recently published systematic reviews on this topic. Smith
et al (2011) emphasized the importance of reporting an overview of systematic
reviews on a topic by bringing together a summary of reviews in one document.
This is especially important when there are multiple reviews on an important topic.
This assists clinicians in reviewing and appraising published systematic reviews

and aid in evidence-based clinical decision-making.
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Chapter 6: Conclusions and future work

6.1. Conclusions

The included studies contributed uniquely to the literature regarding the diagnosis
and management of odontogenic and maxillofacial bone lesions. The main

findings are highlighted below:

Studies by Titinchi et al (2021d), Titinchi et al (2013) and Titinchi & Nortje
(2012) highlighted certain clinico-pathological features that were significantly
associated with OKC recurrences including young/advanced age, NBCCS, large
(>4cm), multilocular lesions with cortical perforation and retention of associated
dentition within the lesion. The presence of daughter cysts and epithelial budding
were also implicated along with high Ki67 index and AQNOR count. Pre-operative
identification and stratification of these risk factors minimizes recurrences and

improves patient outcomes.

Enucleation alone was shown to be insufficient in the management of OKCs and
should be performed in conjunction with adjuvant methods including application
o f Car n oy Gasd/orsperipherali ostattomy to reduce recurrences while
limiting morbidity to the patient. Resection should be reserved for recurrent
lesions and OKCs that underwent malignant transformation (Titinchi, 2020;

Titinchi & Nortje, 2012)

Titinchi & Brennan (2022), Ranchod et al (2021), Titinchi et al (2016) and

Kheir et al (2013) highlighted the role of clinico-pathological features and imaging
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in the diagnosis and management of odontogenic tumours. CT and MRI
accurately demonstrated the extent and content of OM which plays a critical role
in its management (Kheir et al, 2013). Meanwhile, mixed-density lesions with
soap-bubble appearance were highly suggestive of ameloblastoma on OPG

(Ranchod et al, 2021).

A detailed study on UAM demonstrated that management should not be solely
based on histopathological subtype, as previously reported, but rather on
presenting clinico-pathological features. Enucleation followed by adjuvant

methods was the least invasive method with low RR (Titinchi & Brennan, 2022).

With regards to non-odontogenic lesions, Titinchi (2021c) established that site
should not be a major criterion in diagnosis of JOF as previously reported.
Moreover, the study displayed that more conservative approaches (curettage
with peripheral ostectomy) are advocated as the initial surgical intervention to

prevent morbidity in young patients while also resulting in low RR.

In certain clinical scenarios, the clinician must be prepared to initially rely on
clinico-pathological features alone in the management of difficult to access
tumours. This was the case of an osteoma in the mandibular condyle whereby
diagnosis could not be obtained prior to resection of the tumour (Ostrofsky et al,
2019). The unexpected presentation of a metastatic melanoma in the anterior
mandible highlighted the need to screen any unusual lesions for melanoma due

to its varied presentation (Titinchi et al, 2021b).

An algorithm for the diagnosis and management of odontogenic and maxillofacial

bone lesions has been formulated based on the findings of these studies and
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current evidence in the literature (Figure 4). This is one of the first extensive
evidence-based algorithms to describe the diagnosis and management of these

lesions in the literature.

This algorithm highlights the initial role of imaging in the decision-making process.
Once the histopathological findings are correlated with clinical and radiographic
features then an accurate diagnosis is achieved. The treatment decision is based
on these presenting clinico-pathological features. First line therapy should be the
least invasive option with radical modalities being reserved for malignant and

aggressive lesions with extensive extension into adjacent structures.
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Figure 4: Algorithm for the diagnosis and management of odontogenic and

maxillofacial bone lesions.
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In summary, the presenting clinico-pathological features of these lesions play a
significant role in their management. Management should not be merely based
on the histopathological diagnosis alone but rather customized for each patient
based on the presenting features. Additionally, the least invasive method with the
lowest risk for recurrence should be initially employed. This is critical in the

maxillofacial region so as to avoid disfigurement and loss of function.

6.2. Future work

The aim of future studies is to investigate all common occurring lesions that affect
the maxillofacial region and formulate evidence-based diagnostic and
management protocols to improve patient outcomes. The author is currently
involved with two multi-centre multi-continent studies on these tumours.
Furthermore, collaborative systematic reviews are being conducted to formulate
evidence-based guidelines for the management of common odontogenic lesions

namely OKCs and conventional ameloblastomas.

A prospective study is in the planning phase to validate the proposed
management algorithm (Figure 4). The goal is to develop a web-based
application to aid clinicians in the diagnosis and management of bony lesions in

the maxillofacial region.

The role of emerging therapies such as 5-Fluorouracil in the management of

odontogenic cysts is currently being investigated by the author in a prospective

72



study. This form of therapy holds promising results in the management of these

lesions with fewer complications.

The author, in collaboration with the thesis supervisors, has investigated the
quality of life (QoL) of patients treated by various surgical methods for
odontogenic tumours. The findings were recently presented at the 100" General
session of the International Association for Dental Research. The goal of this
investigation was to establish which surgical method provides acceptable QoL
postoperatively. This pilot study reported on the QoL in 14 patients undergoing
resection and reconstruction as well as 17 patients who underwent conservative
(non-resection) surgical methods. Most patients in both groups had no pain or
mild pain (87%). Patients who underwent resection and reconstruction reported
significantly higher aesthetic concerns (78.5%) than patients who underwent
conservative methods (11.7%). Both groups of patients reported poor chewing
and functional difficulties. The study highlighted that it is not only important to
render the patient disease-free but also to achieve acceptable aesthetic and

functional outcomes postoperatively.
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