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Abstract
Background
Orofacial neoplasms in children and young adults may differ significantly from those observed in adults. Our aim was to describe the epidemiological characteristics of histologically diagnosed orofacial neoplasms among children and young adults in Nigeria.
Methods
This was a multicenter cross-sectional study across geopolitical zones in Nigeria. Annual reports of clinical information and surgical biopsies submitted at the Oral Pathology Laboratory, clinic day registries, surgical day case registries and operative theatre registries were retrieved from January 2008 to March 2024. The relevant demographic data were obtained for each patient. The study subjects were categorized by age into children, adolescents and young adults. Tissue involvement was classified as soft tissue involvement, bony involvement or both soft tissue and bony involvement. The site and behaviour of the lesions were subdivided according to the ICD-10 codes. Statistical analysis was performed via the R programming language.
Results
A total of 1889 cases were observed during the period under review, with a mean age of 15 years. Cases were more common in females (52%) and in young adults (47%). Most cases were benign neoplasms (85%), and bony affectation (54%) was slightly predominant. Odontogenic tumours (38%) and fibro-osseous lesions (20%) were the most common category of lesions observed, whereas salivary gland tumours (2.2%) and neoplasms of epithelial origin (2.5%) were the least common. Neoplasms in children involve mostly soft tissues, whereas those in adolescents and young adults have a preference for bone (p< 0.001). In all age groups, benign lesions were mostly observed in the mouth and pharynx. For malignant lesions, in children, the bones of the skull and face were mostly involved, whereas in adolescents, the mandible was the predominant site (p< 0.001). In children, mesenchymal neoplasms were the most prevalent category of lesions, whereas in both adolescents and young adults, odontogenic tumours were more common. The proportion of malignant neoplasms in males was significantly greater than that in females (p < 0.001).
Conclusion
This study revealed that although most biopsied orofacial lesions were more often benign, the proportion of malignant neoplasms in this population was greater than that previously reported.
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Audit of Oral Neoplasms in Children and Young Adults in Nigeria
Introduction
Orofacial neoplasms are abnormal, uncontrolled growths that occur in oral, perioral and facial structures(1). They may be derived from epithelial, mesenchymal, lymphoid or neuroendocrine sources and can be categorized into benign and malignant neoplasms. (1,2) Benign neoplasms grow slowly, have a lower propensity to invade surrounding tissues, and do not spread to distant sites. Malignant neoplasms, on the other hand, grow more rapidly, invade surrounding tissues and often spread to distant sites.(2) Children and young adults constitute a unique population with different physical, mental, emotional and social developments (3), and the epidemiological and clinical characteristics of orofacial neoplasms in this population may differ significantly from those of adults. (3,4)
Several authors have reported on oral/orofacial conditions in children and adolescents. However, many of these studies have focused on dental caries, periodontal diseases, trauma and malocclusion. (5,6) Reports on orofacial lesions requiring biopsy are much rare, and even fewer reports are specific to orofacial neoplasms in this population. Most studies on biopsied orofacial lesions in children and adolescents have reported that nonneoplastic or tumour-like lesions are more common in this age group, (3,7,8) although some studies have reported more cases of neoplastic lesions. (9,10) Orofacial neoplasms in this age group are highly important and impact not only the individual but also the household and the entire community. (11) Establishing evidence-based epidemiological characteristics of orofacial neoplasms in this subset of the population will help improve clinical diagnosis, support the planning of oral health intervention programs and inform policy formulation. (9,11)
The prevalence of disease varies with geographical location; thus, it is important to establish the epidemiological characteristics of diseases in specific locations. (12) Several Nigerian studies have described the prevalence and distribution of biopsied orofacial lesions among children and adolescents. (9,10,13–16) However, these studies have been limited to single institutions or regions, (9,10,13–15) whereas others have focused on subsets of orofacial tumours. (13,16) The aim of this study was to describe the epidemiological characteristics of histologically diagnosed orofacial neoplasms among children and young adults in Nigeria. This study provides a comprehensive multicentre representation of the occurrence and distribution of orofacial neoplasms among children and young adults in Nigeria.

Methods
Study Design
This was a multicentre cross-sectional study conducted across five (5) of six geopolitical zones in Nigeria. Nigeria is the most populous country in Africa, with six (6) geopolitical zones. The South‒West Zone is represented by three tertiary institutions. The North‒West Zone has two representative tertiary centres, whereas the other zones each have one representative centre. These centres are the foremost tertiary institutions in their respective regions, offering services to their host states and the nearby towns and cities. Annual reports of clinical information and all surgical biopsies submitted at the Oral Pathology Laboratory, clinic day registries, surgical day case registries and operative theatre registries were retrieved from January 2008 to March 2024 and imputed into a Microsoft Excel spreadsheet via a uniform proforma and code book. The demographic data obtained for each patient included the identification number, age, sex, involved structures, lesion site, geopolitical zone of each centre, histological diagnosis of the lesion, and clinical presentation of the lesion. Data entry was completed by a single researcher for each centre, and the final data entry, synthesis, cleaning and analysis were performed by one designated researcher. All the data were deidentified before the initial and final data collation. The exclusion criteria included duplicated cases, reports lacking adequate information, and those with ambiguous histologic diagnoses.
Ages were classified via a modified UNAIDS categorization(17) into three subcategories. i) 0–9 years (children). ii) 10–16 years (adolescents) and iii) 17–24 years (young adults). Tissue involvement was classified as i) peripheral or soft tissue involvement, ii) bony involvement, or iii) both peripheral and bony involvement.
The site and behaviour of the lesion were subdivided according to the following ICD-10 codes(18):
i. Benign neoplasms of bones of the skull and face (D16.4) (BNSF)
ii. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Benign neoplasms of the lower jawbone (D16.5) (BNM)
iii. Benign neoplasms of the mouth and pharynx (D10) (BNMP)
iv. Malignant neoplasms of bones of the skull and face (C41.0) (MNSF)
v. Malignant neoplasms of the mandible (C41.1) (MNM)
vi. Malignant neoplasms of the lip, oral cavity and pharynx (C00--C14) (MNMPs)
Lesions were grouped into categories by using a modified version of Akinyamoju's diagnostic criteria for the classification of oral lesions. (19) Neoplasms are categorized into
i. Cystic lesions (CLs)
ii. Benign fibro-osseous lesions (including other bone-related lesions) (FOLs)
iii. Odontogenic tumours (OTs)
iv. Nonodontogenic epithelial tumours (ETs)
v. Nonodontogenic mesenchymal tumours (MTs)
vi. Salivary gland tumours (SGTs)
vii. Haematolymphoid tumours (HLTs)
Statistical analysis
Descriptive statistics were conducted for sociodemographic variables such as age, age, sex and tumor location. The categorical variables are expressed as frequencies, tables and proportions, whereas the continuous variables are expressed as the means with standard deviations and medians with IQRs. Student’s t test and ANOVA were used to compare mean differences in the variables; Shapiro‒Wilk and Levene tests were subsequently used to confirm the normality of the data and homogeneity of variance, respectively. Suitable nonparametric alternatives were utilized when the normality of distribution and homogeneity of variance were breached. The chi-square test with Fisher’s approximation was also used to compare the proportions of the different categories across the age categories, locations of the tumours, and types of lesions where necessary. All tests of significance were set at p<0.05.
Multivariate analysis of characteristics was performed via factor analysis of mixed data (FAMD) to visualize the distinct separation of orofacial neoplasms into benign and malignant types. The most significant predictors of the type of neoplasm were selected based on their contribution to the FAMD. All the statistical analyses were performed via the R programming language (version 4.3.3).



Results
General characteristics
A total of 1899 cases were observed between the years 2008 and the first quarter of 2024 across the five geopolitical zones represented by government tertiary centres in each zone. The lowest number of cases were observed in 2008 (n=44, 2.32%), whereas the highest number of cases of orofacial neoplasms was recorded in 2022 (n=324,17.1%). A sharp decline in cases was observed after 2022 (Figure 1). The distributions of the reviewed cases of orofacial neoplasms across geopolitical zones are shown in Table 1.
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                          Figure I: Line plot showing the distribution of cases across the years
Table 1. Sources of the reviewed cases.
	Institutions
	Geopolitical Zone
	Years
	Neoplastic Cases
	Proportion

	UCH
	Southwest
	2009 - 2024
	529
	27.9

	LASUTH
	Southwest
	2013 - 2024
	522
	27.5

	LUTH
	Southwest
	2009 - 2024
	121
	6.4

	UNTH
	Southeast
	2007 - 2024
	306
	16.1

	UPTH
	Southsouth
	2008 - 2024
	146
	7.7

	AKTH
	Northwest
	2015 - 2024
	145
	7.6

	UDUTH
	Northwest
	2014 - 2024
	90
	4.7

	UMTH
	Northeast
	2018 - 2024
	40
	2.1

	
	Total reviewed cases.
	1899
	100



The mean age of the individuals observed in this study was 15 years  6 years. Females accounted for 52% (n=989) of the total cases, whereas young adults accounted for 48% (n=910) of all cases. The male to female ratio of participants in our study was 1:1.09, whereas the ratio of the age groups was 1:1.29:2.84 for children: adolescents: young adults.
Benign neoplasms comprised 85.4% of all cases (n=1,622), and bony involvement by neoplasms was observed in 51% of all cases. Odontogenic tumours were the most common category of lesions observed (n=730, 38.4%), followed by neoplasms of mesenchymal origin (n=357, 18.8%), whereas salivary gland tumours (n=41, 2.2%) and neoplasms of epithelial origin (n=47, 2.5%) were the least commonly reported neoplasms in this age group. Table 2 shows the general characteristics and site involvement of orofacial neoplasms in our study.


Table 2: General characteristics of orofacial neoplasms across types of neoplasms.
	Characteristic
	Overall, N = 1,8991
	Benign, N = 1,6221
	Malignant, N = 2771
	p value2

	Age
	           15 (6)
	          16 (6)
	           14 (6)
	<0.001

	Age groups
	
	
	
	<0.001

	Children
	337 (18%)
	263 (16%)
	 74 (27%)
	

	Adolescents
	658 (35%)
	551 (34%)
	107 (39%)
	

	Young Adults
	904 (48%)
	808 (50%)
	96 (35%)
	

	Sex
	
	
	
	<0.001

	Female
	989 (52%)
	873 (54%)
	116 (42%)
	

	Male
	910 (48%)
	749 (46%)
	161 (58%)
	

	Tissue involvement
	
	
	
	<0.001

	Soft
	    746 (39%)
	614 (38%)
	132 (48%)
	

	Bony
	1,034 (54%)
	945 (58%)
	  89 (32%)
	

	Both
	    119 (7%)
	   63 (4%)
	  56 (20%)
	

	Categories
	
	
	
	<0.001

	FOLs
	388 (20.4%)
	381 (23.5%)
	    7 (2.5%)
	

	Cysts
	178 (9.4%)
	178 (11%)
	             0 (0%)
	

	ETs
	  47 (2.5%)
	   27 (1.7%)
	   20 (7.2%)
	

	HLTs
	158 (8.3%)
	   89 (5.5%)
	  69 (25%)
	

	MTs
	357 (18.8%)
	223 (13.7%)
	134 (48%)
	

	OTs
	730 (38.4%)
	709 (43.7%)
	   21 (7.6%)
	

	SGTs
	   41 (2.2%)
	  15 (0.79%)
	   26 (9.4%)
	

	1Mean (SD); n (%)

	2Wilcoxon rank sum test; Pearson's Chi-squared test





Age groups
The median age of the participants across each age category was 6 years for children, 13 years for adolescents and 20 years for young adults. Fifty-four percent (n= 485) of young adults were females, whereas the female prevalence in children was 49% (n=166); this difference was not statistically significant (p=0.3). With respect to tissue involvement in neoplasms, 58% (n=196) of all child neoplasms involved soft tissues, whereas in adolescents and young adults, a preference for bony involvement was observed at 56.5% (372), and 61% (551) respectively. This difference was statistically significant at p< 0.001. Table 3
Both benign and malignant lesions had a predilection for the mandible and were present in 47% (438) and 3.5% (33) of young adults, respectively. Among the adolescents, benign lesions (n=298; 41%) were predominant in the mouth and pharynx, whereas malignant lesions (n=29; 4.0%) were predominant in the mandible. In children, a predilection for the mouth and pharynx was observed for benign neoplasms (n=168; 50%), and the bones of the skull and face were observed for malignant neoplasms (n= 30; 8.9%). The difference in the site of the neoplasm was statistically significant across the age categories (p< 0.001)
Odontogenic tumours were the most common neoplastic category in both the adolescent group (n=271; 41.2%) and the young adult group (n=409; 45.2%), followed by benign                                                                                                                                                                                                      and fibro-osseous lesions in both age categories at 142 (21.6%) and 203 (22.5%) respectively. Table 3 Among the children’ age group, mesenchymal neoplasms (n=122; 36.2%) and neoplasms of haemato-lymphoid origin (n=66; 19.6%) were the most common conditions. Salivary gland tumours are the least common neoplasms in children, whereas neoplasms of epithelial origin are the least common tumours in both adolescents and young adults. The proportion of malignant neoplasms varied significantly from 11% (n=96) of all cases in the young adult group to 22% (n=74) of all orofacial neoplasms in the children’s category (p< 0.001).


Table 3: Characteristics of orofacial neoplasms across age groups.
	Characteristic
	Children, N = 3371
	Adolescent, N = 6581
	Young Adult, N = 9041
	p value2

	Age
	6 (3, 8)
	13 (12, 15)
	20 (19, 22)
	<0.001

	Sex
	
	
	
	0.3

	Female
	166 (49%)
	338 (51.4%)
	485 (54%)
	

	Male
	171 (51%)
	320 (48.6%)
	419 (46%)
	

	Tissue involvement
	
	
	
	<0.001

	Soft
	196 (58%)
	 240 (36.5%)
	   310 (34.3%)
	

	Bony
	111 (33%)
	372 (56.5%)
	551 (61%)
	

	Both
	30 (8.9%)
	46 (7%)
	43 (4.8%)
	

	Site
	
	
	
	<0.001

	BNM
	58 (17%)
	240 (36.5%)
	438 (48.5%)
	

	BNMP
	168 (50%)
	225 (34.2%)
	230 (25.4%)
	

	BNSF
	48 (14%)
	119 (18.1%)
	155 (17.1%)
	

	MNM
	19 (5.6%)
	29 (4.4%)
	33 (3.7%)
	

	MNMP
	14 (4.2%)
	25 (3.7%)
	30 (3.3%)
	

	MNSF
	30 (8.9%)
	20 (3%)
	18 (2%)
	

	Categories
	
	
	
	<0.001

	FOLs
	43 (12.8%)
	142 (21.6%)
	203 (22.5%)
	

	Cysts
	46 (13.6%)
	65 (9.9%)
	67 (7.4%)
	

	ETs
	10 (2.9%)
	17 (2.6%)
	20 (2.2%)
	

	HLTs
	66 (19.6%)
	56 (8.5%)
	36 (3.9%)
	

	MTs
	122 (36.2%)
	107 (16.3%)
	128 (14.2%)
	

	OTs
	50 (14.8%)
	271 (41.2%)
	409 (45.2%)
	

	SGTs
	0 (0%)
	0 (0%)
	41 (4.5%)
	

	Type
	
	
	
	<0.001

	Benign
	263 (78%)
	551 (84%)
	808 (89%)
	

	Malignant
	74 (22%)
	107 (16%)
	96 (11%)
	

	1Median (IQR); n (%)

	2Kruskal-Wallis rank sum test; Pearson's Chi-squared test


Gender
In our study, the mean age of the female participants was significantly greater at 16 years  6 years (p=0.02) (Table 4). The proportion of malignant neoplasms in males was significantly greater (17.7%, n=161) than in females (n=116), accounting for 11.7% of all orofacial neoplasms. (p < 0.001). The site predilection in females varied from malignant orofacial neoplasms affecting the mouth and pharynx (2.4% (n=24) of all cases) to benign neoplasms involving the mandible (40% (n= 395)). This finding was significantly different from the predilection in males, which varied from 4.5% (n=41) of malignant neoplasms having a predilection for the skull and face to benign neoplasms involving the mandible at 37.5% (n= 341). Table 4
Table 4: Characteristics of orofacial neoplasms across gender.
	
Characteristic
	Female, N = 9891
	Male, N = 9101
	p value2

	Age
	16 (6)
	15 (6)
	0.02

	Age groups
	
	
	0.3

	Children
	166 (16.8%)
	171 (18.8%)
	

	Adolescent
	338 (34.2%)
	320 (35.2%)
	

	Young Adult
	485 (49%)
	419 (46%)
	

	Tissue Involvement
	
	
	0.076

	Soft
	381 (38.5%)
	365 (40%)
	

	Bony
	556 (56.2%)
	478 (52.5%)
	

	Both
	52 (5.2%)
	67 (7.4%)
	

	Site
	
	
	<0.001

	BNM
	395 (40%)
	341 (37.5%)
	

	BNMP
	339 (34.3%)
	284 (31.2%)
	

	BNSF
	175 (17.7%)
	147 (16.2%)
	

	MNM
	29 (2.9%)
	52 (5.7%)
	

	MNMP
	24 (2.4%)
	45 (4.9%)
	

	MNSF
	27 (2.7%)
	41 (4.5%)
	

	Type
	
	
	<0.001

	Benign
	873 (88.3%)
	749 (82.3%)
	

	Malignant
	116 (11.7%)
	161 (17.7%)
	

	1Mean (SD); n (%)

	2Wilcoxon rank sum test; Pearson's Chi-squared test



Types of neoplasms
The mean age of the participants with benign orofacial neoplasms was 16 years  6 years, whereas the mean age of the participants with malignant orofacial neoplasms was 14 years  6 years (p value < 0.001). Participants in the adolescent age group accounted for 39% (n=107) of all malignant neoplasms, whereas young adults accounted for 50% (n=808) of all benign orofacial neoplasms. This difference was statistically significant at a p value < 0.001. Table 2
Across genders, females were found to have a predilection for benign neoplasms (n=873, 54%), whereas male individuals had a predilection for malignant neoplasms (n= 161, 58%). p value < 0.001. Benign neoplasms had a predilection for bony tissues (n=945, 58%) compared with the soft tissue predilection recorded in malignant neoplasms (p <0.001)). Table 2
Odontogenic tumours accounted for 43.7% (n=709) of benign neoplasms, followed by fibro-osseous lesions (n=381; 23.5%), whereas other epithelial tumours accounted for the least common benign orofacial neoplasms (n=27; 1.7%). For malignant neoplasms, tumours of mesenchymal origin accounted for 48% (n=134) of all cases (Figure 2). In our study, 7 cases of malignant transformation of FOLs were observed, accounting for 1.84% of all FOLs.
[image: ]
        Figure 2. Mosaic plot showing categories of orofacial neoplasms.
Despite an overall preponderance of benign lesions across all geopolitical zones, varying proportions of benign to malignant lesion (B:M) ratios were observed across all zones. The lowest B:M ratio was observed in the Northwest region, with a 3.6:1 ratio, whereas the Northeast region had the highest 12.3:1 B:M ratio. Overall, the southern regions had a 6.3 B:M ratio, whereas the northern regions had a 4.1:1 B:M ratio. This disparity was statistically significant at p = 0.03 (Table 5).
Categories of orofacial neoplasms
Ameloblastoma was the most common type of odontogenic tumour, followed by adenomatoid odontogenic tumours. Both accounted for 74.4% (n=543) of all odontogenic tumour categories. Other conditions in this category include benign OTs such as odontogenic myxomas (n=38; 5.2%), ameloblastic fibroma (n=37; 5.1%), calcifying epithelial odontogenic tumours (n=15; 2.1%), squamous odontogenic tumours (n=3; 0.41%), and cementoblastoma (n=3; 0.41%); odontomas composed only 7.81% (n=57) of all OTs. Malignant OTs, such as ameloblastic carcinoma (n=25; 3.42%) and primary intraosseous odontogenic carcinoma (n=3, 0.41%), were also observed. OTs presented no sex predilection but were most found within the young adult age group.
Table 5: Types of neoplasms across geopolitical zones
	Zones
	
	Type of Neoplasms

	
	
	Benign
	Malignant
	Total

	NE
	Count
	37 (2.3%)
	3 (1.1%)
	40 (2.1%)

	
	Mar. pct (1)
	92.5%
	7.5%
	*12.3: 1

	NW
	Count
	184 (11.3%)
	51 (18.4%)
	235 (12.4%)

	
	Mar. pct
	78.3%
	21.7%
	*3.6: 1

	SE
	Count
	258 (15.9%)
	48 (17.3%)
	306 (16.1%)

	
	Mar. pct
	84.3%
	15.7%
	*5.4: 1

	SS
	Count
	125 (7.7%)
	21 (7.6%)
	146 (7.7%)

	
	Mar. pct
	85.6%
	14.4%
	*6.0:1

	SW
	Count
	1,018 (62.8%)
	154 (55.5%)
	1,172 (61.7%)

	
	Mar. pct
	87.3%
	12.7%
	*6.6:1

	Total
	Count
	1,622 (85.4%)
	277 (14.6%)
	1899 (100.0%)

	
	X-squared = 10.582, df = 4, p value = 0.03

	 (1) Row percentages


*Benign: Malignant Tumour Ratio
Fibromyxomas (n=40; 11.2%) and neurofibromas (n=32; 8.9%) constitute the most common benign mesenchymal tumours observed in this study. Rhabdomyosarcomas (n=64; 17.9%), osteosarcomas (n=52; 14.6%) and fibrosarcomas (n=28; 7.8%) were the most frequently observed malignant mesenchymal orofacial neoplasms. Lipomas (n=20; 5.6%), granular cell tumours (n=18; 5.04%) and schwannomas (n=12; 3.4%) were also observed in the benign category, whereas chondrosarcomas (n=13; 3.6%) and Ewing’s sarcomas (n=3; 0.8%) were the least common malignant sarcomas. Mesenchymal tumours were mostly observed in children and presented with no gender predilection; mesenchymal tumours were also mostly of the malignant variety. (S1)
Ossifying fibroma (n=140; 36.1%) and fibrous dysplasia (n=105; 27.1%) were the most common fibro-osseous lesions in this study; both types of lesions accounted for 63.2% of all fibro-osseous lesions. These lesions were followed in frequency by juvenile ossifying fibromas (n=38; 9.8%) and central giant cell granulomas (n=25; 6.44%), and cherubism had the lowest frequency in this category (n=4; 1.03%). Other reported FOLs include osseous dysplasia and osteomas, with frequencies of 20 (5.2%) each. FOLs presented a slight female preponderance, and like OTs, they were also more common within the young adult age category. A total of 7 FOLs were reported to have undergone malignant transformation following late intervention.
Cystic lesions and haematolymphoid lesions comprised the fourth and fifth most common orofacial neoplasms in this cohort. Odontogenic cysts were the most common subtype, with dentigerous cysts (n=28; 15.7%), odontogenic keratocysts (n=26; 14.6%), and radicular cysts (n=25; 14%) being the most common lesions within this category. Common nonodontogenic cysts observed in this study included epidermoid cysts (n=12; 6.7%), nasopalatine cysts (n=12; 6.7%), dermoid cysts (n=7; 3.9%), cervical and oral lymphoepithelial cysts (n=5; 2.8%), aneurysmal bone cysts (n=5; 2.8%) and nasolabial cysts (n=4; 2.2%). Haemangiomas were the most common haematolymphoid orofacial neoplasms (n=78; 49.4%), whereas non-Hodgkin’s lymphoma (NHL) (n=52; 32.9%) was the most common malignant haematolymphoid neoplasm observed. Among the NHLs, diffuse lymphocytic lymphomas (n=26; 16.5%) and Burkitt’s lymphomas (n=22; 13.9%) were the most common. HCNs presented a slight male predilection, with a three-- to fourfold preponderance in children, and were mostly benign. (S1)
Salivary gland tumours and epithelial tumours comprised the least observed orofacial neoplasms in this study. Oral squamous cell carcinomas comprised the most common epithelial malignancies (n=16; 34%), whereas squamous papillomas (n=17; 36.2%) were the most common benign neoplasms. Pleomorphic adenomas (n=28; 68.3%) were the most common salivary gland lesions observed in our study. Other epithelial tumours observed included nasopharyngeal carcinomas (n=2, 4.3%) and metastatic carcinomas (n=3, 6.4%) from other regions of the body. Mucoepidermoid carcinomas (n=9, 21.9%) were the most common salivary adenocarcinomas, whereas adenoid cystic carcinomas, myoepitheliomas and acinic cell carcinomas were also observed within these age groups, each with one presentation (n=1, 2.4%). A slight male predilection was observed in both salivary gland tumours and epithelial tumours. Salivary gland tumours are most common in young adults, whereas epithelial tumours are predominant in children. (S1)
Multivariate analysis
Multivariate analysis of the characteristics of orofacial neoplasms in these age groups was conducted via factor analysis of mixed data (FAMD). These unsupervised algorithms are designed to identify and predict groups or clusters in data. FAMD revealed that the variables utilized in this study predict the types of orofacial neoplasms based on the orofacial characteristics selected for this study. Benign and malignant neoplasms are well placed in two distinct clusters despite overlap in the middle areas of both clusters. (Figure 3). FAMD also revealed that the site of a neoplasm (30%) and the category of neoplasm (25%) were the most prevalent characteristics for predicting whether a neoplasm was benign or malignant.
[image: ]
Figure 3: FAMD plot showing two distinct clusters of orofacial neoplasms.

Discussion
This was a multicenter study that recorded over 1800 cases of orofacial neoplasms in children and young adults over a 17-year period. The study foremost includes tertiary centres from each geo-political zone of Nigeria, thus providing a comprehensive representation of the occurrence and distribution of orofacial neoplasms among children and young adults in Nigeria.
The neoplasms were evenly distributed between both genders and were most common among young adults. In addition, most of these neoplasms were bony, benign and of odontogenic origin. The strength of this study lies in it being a national study, having included 8 tertiary health care centres that address cases from five of the six geo-political zones in Nigeria. Thus, it is a comprehensive documentation of the occurrence and distribution of all biopsied orofacial neoplasms among children and young adults in Nigeria, the country with the largest black population on earth (20). This clinical audit also covers a long period of time and has reviewed all categories of neoplasms seen in the identified population, adopting a standardized diagnostic criterion. This review revealed a fluctuating increase in the number of neoplasms from 2008, reaching a peak in 2022, followed by a decline (Figure 1). This trend may be attributed to the surge of patients seeking routine clinical dental services immediately after the COVID-19 lockdown period, which gradually normalized over time.
The number of biopsied orofacial neoplasms in children and adolescents recorded over the 17-year review period was greater than that reported in previous studies both within Nigeria (6,13,15,21) and outside Nigeria.(22–25) This difference is expected, as these prior studies reviewed records from shorter durations, fewer centers, or focused on specific types of neoplasms. Additionally, the highest upper age limit in previous studies was 19 years, while this study extended the upper age limit to 24 years, reviewed biopsy records over 17 years, and included data from eight different teaching hospitals, encompassing all neoplasm categories within these age groups. The extended age limit likely contributed to the higher mean age reported in this study than in other studies.(6,15,21,22,26)
[bookmark: _Hlk169468271]Despite the inclusion of young adults in this study, an increase in the proportion of biopsied orofacial neoplasms with age was observed, which was consistent with previous reports.(8, 22,23,25–27) This observation has been attributed to the preference for conservative management in children, with delays in biopsy and other invasive procedures until adolescence or early adulthood. Therefore, this finding should be interpreted with caution, as it may reflect the timing of management rather than the actual onset of neoplasms. (28) In addition, the present study revealed that almost half of the neoplasms were young adults, which partly agrees with the findings of the modal age of the 3rd decade reported by Ibikunle et al(9). The proportion of children with orofacial neoplasms in this study was slightly greater than that in a previous Nigerian study (13.7%)(29), which may be due to their study’s restriction to intrabony neoplasms only. Further specific comparisons of proportions or occurrence rates within age groups with those in previous studies were also difficult because of variation in age stratification among studies.(26)
This study revealed no significant differences in sex distribution across the different age groups; however, soft tissue neoplasms were more common in children, whereas bony neoplasms were more common in young adults (Table 3). Using the ICD-10 classification, a similar pattern was observed, as half of the neoplasms in children were benign neoplasms of the mouth and pharynx, whereas a similar proportion of neoplasms in young adults were benign neoplasms of the mandible. Although the majority of all the neoplasms in all the age groups were benign, a greater proportion of malignant neoplasms were detected in children than in adolescents and young adults (Table 3).
In terms of sex, a slightly greater prevalence was recorded among females (Table 4), which is similar to findings from some previous studies (22,26,30) and contrary to other findings.(8,21,25,26) Females were also found to have a significantly greater mean age than males; however, females had a greater proportion of benign neoplasms, whereas males had a greater proportion of malignant neoplasms. (Table 4) This finding is in accordance with previous reports (6,23,31), whereas Ladeji et al.(16) reported no sex difference in the presentation of malignant neoplasms.
In this study, for the purpose of standardization of reporting, neoplasms were classified based on their site and behaviour via ICD-10 codes. The most frequent neoplasms were those belonging to the BNM group, closely followed by those in the BNMP group (Table 3).   Similarly, approximately nine of every ten biopsied neoplasms in this study were benign, and more than half of these benign lesions were intraosseous. These findings agree with previous findings that benign neoplasms are the most common neoplasms (15,22,23,26,30) and that the mandible is the most reported site of involvement in children and adolescents.(6,15,22) However, Iatrou et al(26) reported greater soft tissue involvement (52.1%).
Furthermore, the prevalence of malignant neoplasms observed in the present study falls within the range of 19.3% and 30.3% reported in previous African studies (6,23) but is higher than that reported in other continents (8,22,26,30) This may be attributed to the greater endemicity of Burkitt lymphoma in Africa. A study by Soyele et al(32) among Nigerian children reported a similar frequency to that reported by other continents and did not include maxillofacial Burkitt lymphoma in their review. These malignant neoplasms were more common in children than in older children, which is comparable to the findings of Okumu et al.(31) Bony structures such as the orbit, maxilla (31), mandible and maxilla (6,16) have been reported as the most commonly affected sites, which is contrary to our finding that soft tissue is the most common site for malignant neoplasms. This variation in site of involvement is determined by the most frequent neoplasms observed in each study.
Odontogenic tumours were the most frequent neoplasms in this study (S1), constituting more than a third of all the neoplasms. This is similar to the findings of previous African studies (13,33), and this prevalence is greater than that of other non-African studies (8,22,24) Similarly, the finding of equal sex distribution of odontogenic tumours in this study is similar to that of Butt et al. (34) but contrary to that of Lawal et al. (13), who reported a greater male predominance. Among the age groups, however, OTs were found to be the most common among adolescents and young adults (Table 3), which is also in line with the findings of a Kenyan study. (33)Among all the odontogenic tumours reported in the present study, ameloblastoma was the most common, which is similar to previous findings. (10,13,32,33) Odontomas were found to be the least common odontogenic tumor, contrary to other studies (22,24–26)where it was the most common OT, although the documented prevalence rates are similar to those of the present study. Fewer than one tenth of the participants in the present study had malignant odontogenic tumours, which is consistent with findings that lesions are rare in children and adolescents. (21,23,24,26)
Salivary gland tumours and other epithelial tumours were the least common orofacial neoplasms observed in this study (Figure 2), whereas other studies reported that salivary gland tumours were the most common neoplasms. (8,22,24)A slight male predilection was also observed for salivary gland tumours in this study, and these tumours were more common in young adults than in young adults, which is contrary to previous findings. (24). In the present study, a few malignant salivary gland neoplasms were recorded, whereas Yu et al. (8) reported none.
Cysts can be odontogenic or nonodontogenic. This study revealed that odontogenic cysts were the most common, with dentigerous cysts being the most common (S1). This finding is consistent with those of several previous studies. (6,8,25,27) However, other studies have reported that radicular cysts are the most common. (30) Radicular cysts are usually a complication of caries; hence, their occurrence in different locations may vary with caries prevalence. Additionally, they may often be managed without biopsy in some parts of the world. (35)
[bookmark: _Hlk169273057]Mesenchymal neoplasms had the greatest number of malignant neoplasms, followed by the haematolymphoid category, and both categories were more common in children than in other age groups. Among HLTs, haemangiomas are the most common benign haematolymphoid orofacial neoplasms, while non-Hodgkin’s lymphomas are the most common malignant haematolymphoid neoplasms observed in this study, which is similar to the findings of Abdulai et al.(23) Some previous Nigerian studies reported lymphoma, especially Burkitt lymphoma, as the most common malignant tumour in this age group (6,10,21,36) Okumu et al. (31) reported Burkitt lymphoma to be second only to retinoblastoma; however, the present study revealed rhabdomyosarcoma as the most common malignancy, similar to the findings of a recent Nigerian study. (16) This may be attributed to the possible shift in the management of Burkitt lymphomas at maxillofacial clinics to haematology-oncology clinics in some centres, as documented by Soyele et al.(32)
Factor analysis of mixed data (FAMD) is an exploratory algorithm that utilizes several dimensions, which are linear combinations of the selected variables to best identify and determine the variance in the dataset.(37) In this study, visualizing the distinct individuals in the two-dimensional space created by the first two dimensions revealed that the first two dimensions explained approximately 26% of the variability in these data (Figure 3). Despite this low variance of the first two components, there are two distinct clusters of the neoplastic type, with regions of overlap observed. This small overlap shows that the selected variables in this dataset are sufficient to predict a paediatric neoplasm as either a benign or malignant subtype, with the location of the neoplasm and the category of the neoplasm being the most important predictors.
In our study, there was an overall predilection of benign neoplasms in the mandible, whereas most malignant lesions involved the soft tissues of the oral cavity, mouth and pharynx. As previously stated, the soft tissue predilection for malignant neoplasms contrasts with other documented reports. Despite an overall preponderance of benign neoplasms in all categories of lesions, the benign-to-malignant ratio varies across categories, with epithelial tumours and haematolymphoid tumours having almost equal proportions of benign and malignant neoplasms. The associations between the type of neoplasm and both the category of lesion and the site of the neoplasm were highly significant at p < 2.2 × 10-16 (S2).
In conclusion, this study revealed that the proportion of biopsied orofacial neoplasms increased with age. Benign neoplasms were the most commonly biopsied lesions, as previously documented; however, the occurrence of malignant neoplasms in this population was greater than that previously documented. This calls for a high index of suspicion among paediatric dentists. Ameloblastoma, fibrous dysplasia and ossifying fibroma were the most common benign neoplasms while rhabdomyosarcomas and osteosarcomas were the most common malignant neoplasms in these age groups. 
Recommendations
Whilst the findings of this study do not entirely represent the prevalence of these neoplasms, they can be reflected in a national survey and can be generalized to a similar African population. We recommend that other national surveys from other African and non-African countries be performed via standardized age stratification and diagnostic criteria to allow for better comparisons among different nations.

List of abbreviations
BNSF - Benign neoplasms of bones of the skull and face
BNM - Benign neoplasms of the lower jawbone BNM
BNMP - Benign neoplasms of the mouth and pharynx 
MNSF - Malignant neoplasms of bones of the skull and face 
MNM - Malignant neoplasms of the mandible
MNMP - Malignant neoplasms of the lip, oral cavity and pharynx
CLs - Cystic lesions 
FOLs - Benign fibro-osseous lesions (including other bone-related lesions) 
OTs - Odontogenic tumours 
ETs - Nonodontogenic epithelial tumours 
MTs - Nonodontogenic mesenchymal tumors 
SGTs - Salivary gland tumours 
HLTs - Haematolymphoid tumours 
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Since we collected and analysed retrospective data, some information, such as socioeconomic strata and ethnicity, was incomplete and had to be excluded from the analysis.
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