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Abstract
Background: Odontogenic cysts and tumours of the jaws represent one of the most prevalent groups of oral-
maxillofacial lesions. We aimed to evaluate the clinical and pathological characteristics of a cohort of odontogenic 
cysts (OC) and odontogenic tumours (OT) of the jaws in a Portuguese population.
Material and Methods: This observational retrospective study analysed patients diagnosed with either an OC or 
OT of the jaws at a central hospital of Oporto, Portugal, between 1988 and 2006.  Data collected from patients’ 
files included demographic, clinical, radiological and histopathological information. Recurrence was evaluated 
using univariate and multivariate analysis. 
Results: The sample consisted of 397 patients, 231 males (58.2%) and 166 females (41.8%), with a mean-age 
of 36.7±17 years. Twenty-seven patients (6.8%) presented with more than one lesion providing a total of 433 
lesions. There were 396 (91.5%) OC, mostly represented by radicular cysts (n=257;59.4%), dentigerous cysts 
(n=79;18.2%), or odontogenic keratocysts (n=50;11.5%). There were 37 (8.5%) OT, mostly represented by amelo-
blastomas (n=16;3.7%), and odontomas (n=9;2.1%). The most common initial clinical manifestation was swelling 
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Introduction
Odontogenic cysts and tumours of the jaws represent 
one of the most prevalent groups of oral-maxillofacial 
lesions (1). Jaw cysts, firstly reported by Fauchard in 
1728, can be defined as intraosseous pathological cavi-
ties filled with fluid, semi-solid or gaseous material, 
partially or fully covered over with epithelial tissue, and 
bounded by a capsule of connective tissue. When the 
cyst has developed from odontogenic epithelial remnant 
tissues, it is designated as an odontogenic cyst (OC). 
This category is then subdivided according to their in-
flammatory or developmental origin (2-4). Odontogenic 
tumours (OT) are first described in the scientific liter-
ature in 1869, when Pierre Paul Broca introduced the 
term "odontoma" to classify a tumorous lesion originat-
ing from tooth-forming tissues (4). They correspond to 
a heterogeneous group of lesions ranging from hamarto-
mas, to neoplastic or malignant lesions derived from ec-
todermal and/ or mesenchymal odontogenic tissues (5).
Taking into account the differing nature of odontogenic 
cysts and tumours, several consensus meetings have 
tried to produce a more systematic classification of 
these lesions as promoted by the World Health Organi-
zation (WHO) in 1971(4). Since then, other WHO meet-
ings have revised the classifications of these lesions in 
1992, 2005 and 2017 (6). One of the biggest changes 
in classification was reported in the 3rd edition of the 
Odontogenic Tumour Classification in 2005, where 
odontogenic keratocysts were considered neoplasm tu-
mours, and referred to as keratocystic odontogenic tu-
mours (KOT). This was to take into account the behav-
iour of the lesion, histopathology, genetic factors and its 
tendency for being an aggressive and recurrent lesion 
(6). However, the controversy over odontogenic tumour 
classifications continued. Reports of successful conser-
vative treatment of keratocystic odontogenic tumours 
(with decompression only) questioned the true neoplas-
tic nature of these lesions (6). Furthermore, several re-
ports have documented an increase in the prevalence 
of odontogenic tumours as a result of this classification 
change (7,8). In 2017, the new WHO classification of 
odontogenic tumours reclassified KOT as odontogenic 

keratocysts, a developmental cyst (6).
Although several odontogenic cysts and tumours case 
series have been reported worldwide, few of them have 
evaluated and compared both groups of lesions together 
(7-9), as well as having information on recurrence (2,10-
14), and using longitudinal analysis.
Our aims were to analyse the frequency profile of odon-
togenic cysts and tumours of the jaws in a Portuguese 
population using the new WHO classification system 
and to evaluate their clinical-pathological characteris-
tics with a focus on a longitudinal analysis of recurrence.

Material and Methods 
An observational retrospective study was carried out on 
a cohort of patients who had been diagnosed with odon-
togenic cysts or odontogenic tumours between 1988 and 
2006 from the Pathology Department of “Centro Hos-
pitalar do Porto” (CHP), Portugal. The study was re-
viewed and approved by the institutional review board 
of the hospital (Investigation, Formation and Teaching 
Department – DEFI; 024/CES/03). The study was per-
formed in full accordance with the World Medical As-
sociation Declaration of Helsinki.
The patients’ clinical files and imaging exams were re-
viewed and analysed for data collection. Data on several 
variables was collected, as follows: age, gender, social 
history and habits (e.g. smoking and alcohol consump-
tion), initial clinical manifestations, evolution of the 
lesion (in months), anatomic location (i.e. maxilla or 
mandible; anterior or posterior; anterior was defined as 
being from the incisor to canine region and posterior 
was defined as extending from the premolars posterior-
ly to include the molars, mandibular ramus or maxillary 
sinus and tuberosity), radiographic characteristics such 
as appearance and shape (classified as radiolucent, or 
radiopaque, and unilocular or multilocular), size (larg-
est diameter on panoramic radiograph in centimetres), 
and association to adjacent teeth (inclusion or impacted, 
tooth displacement or root resorption), clinical and his-
topathological diagnosis, treatment performed, follow-
up information and the presence of recurrence.
For the review of histological characteristics and diag-

(n=224;51.7%). Recurrence was observed in 30 cases (6.9%), mostly in ameloblastomas (n=6;37.5%) and odontogenic 
keratocysts (n=12;24%). In the multivariate analysis the diagnosis classification of the lesion was the only indepen-
dent and significant variable related with the recurrence (P=0.04). 
Conclusions: Radicular cysts were the most commonly occurring type of OC and ameloblastomas the most com-
monly occurring OT. Amelobastomas and odontogenic keratocysts were the lesions with the highest rates of recur-
rence. This large sample provides useful information about the frequency profile and characteristics of OC and OT 
over a period of 18 years, allowing valuable comparison with data from other countries. 

Key words: Odontogenic cysts and tumours, radicular cyst, dentigerous cyst, odontogenic keratocyst, ameloblastoma, 
recurrence.
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Most of the lesions were radiolucent (n=421, 97.5%), 
and unilocular (n=404; 96%). All OC cases presented 
a radiolucent radiographic image (n=396; 100%). The 
mean radiographic size was 3.3±1.7cm (range 1-12cm). 
113 cases (26.1%) involved included teeth adjacent to 
the lesions; 99 cases of OC (25%) and 14 of OT (37.8%) 
(P=0.089). Other radiograph characteristics distributed 
by the type of lesion are outlined in Table 1.
The most common initial clinical manifestation that 
lead patients to seek medical help was swelling/enlarge-
ment (n=224; 51.7%). This was proportionally higher 
amongst the OT cohort, occurring in 70.3% of cases (n= 
26) compared to 50% of OC cases (n=198). Other clini-
cal manifestations are listed in Table 1.
The treatment modality most commonly adopted was 
enucleation (n=425;98.2%), followed by partial re-
section (n=5; 1.2%) of the lesion, or by total resection 
(segmentary resection or hemi-mandibulectomy) (n=3; 
0.7%). Overall recurrence was observed in 30 cases 
(6.9%), 23 of these cases were OC (5.8%) and 7 (18.9%) 
were OT cases (P=0.003).
When we analysed the diagnoses of the lesions, 
the most commonly occurring lesion was radicular 
cysts (n=257;59.4%), followed by dentigerous cysts 
(n=79;18.2%), odontogenic keratocysts (n=50; 11.5%), 
ameloblastomas (n=16; 3.7%), and odontomas (n=9; 
2.1%) representing 95% of all lesions (Fig. 1, Fig. 2). In 
view of this we have carried out a comparative analy-
sis of the 5 most common lesions in our cohort sample, 
which is discussed in the latter part of this paper.

nosis, we performed a review of the histopathological 
slides (4-µm) that were stained with hematoxylin/eo-
sin (HE). The histological classification was re-evalu-
ated according to the 2017 World Health Organization 
(WHO) classification of Head and Neck Tumours by 
two independent observers.
After reviewing all available information, we included 
cases with a clinical/radiographic and histopathological 
diagnosis of primary OC or OT in the maxillo-facial 
region, irrespective of age or gender. We excluded non-
primary cases, cases without a histopathological diag-
nosis or with insufficient clinical data for the diagnosis. 
The initial sample comprised a total of 484 patients, 87 
cases were excluded due to the absence of appropriate 
imaging or inconsistent/ insufficient data to character-
ise the lesions, leading to a final sample of 397 patients 
with a total of 433 lesions.
- Statistical analysis
The statistical analysis was performed using the IBM 
SPSS software (Statistical Package for the Social Sci-
ences) version 24.0® (IBM Corporation, NY, US). The 
results are presented in absolute and relative frequen-
cies. Chi-square test and Fisher's exact test (in case of 
non-valid chi-square test) were used to evaluate the as-
sociations between categorical variables. Continuum 
variables were analysed using Anova test. Recurrence-
free time interval was defined as the time interval (in 
months) between diagnosis and the first histological 
confirmed recurrence and evaluated using Kaplan-Mei-
er curves with log-rank test.  Variables that were sig-
nificant at univariate analysis were included into a mul-
tivariate analysis using the Cox proportional hazards 
model method. The significance level used was P<0.05.

Results
- General Description of Sample
Of the 397 included patients, 231 were males (58.2%) 
and 166 females (41.8%), ranging from 5 to 89 years-
old, with a mean age of 36.7±17 years. A high propor-
tion of cases presented in the third (n=105; 26.4%) and 
fourth (n=92; 23.2%) decades of life. Most of the pa-
tients presented with a single lesion (n=370; 93.2%) at 
diagnosis, and 27 (6.8%) presented with more than one 
lesion (OC or OT) providing a final sample of 433 le-
sions in total. Other variables are listed in Table 1.
Taking into account clinical, imaging and histological 
aspects, 396 cases were classified as odontogenic cysts 
(91.5%) and 37 cases (8.5%) as odontogenic tumours. 
There was no statistical difference between gender 
(P=0.959) and age (P=0.133) regarding OC and OT groups.
The most affected jaw was the maxilla (n=240; 55.4%), 
in particular the anterior region (n=93; 38.8%). For man-
dibular cases (n=193;44.6%), the posterior region was 
the area most predominantly affected (n= 138;71.5%) 
(P<0.001) (Table 1).

Fig. 1: Histologic pictures (haematoxylin and eosin stain) from the 5 
most common lesions found in the present sample: A - radicular cyst 
(at magnification of 5x); B – particular aspect of an epithelial lining 
of a radicular cyst (at magnification of 20x); C - dentigerous cyst (at 
magnification of 20x); D - odontogenic keratocyst (at magnification 
of 20x); E -  ameloblastoma (acanthomatous subtype) (at magnifica-
tion of 20x); and F - complex type odontoma (at magnification of 5x).
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General characteristics of the patients Total OC OT
P-value

N % N % N %
Gender Male 231 58.2 210 58.3 21 56.8

0.853
Female 166 41.2 150 41.7 16 43.2

Age Mean ± S.D. 36.7 ± 17 37.1 ± 16.9 32.1 ± 18.1 0.089

Age decades (years)

0-9 9 2.3 8 2.2 1 2.7

0.095

10-19 46 11.6 36 10 10 27
20-29 105 26.4 94 26.1 11 29.7
30-39 92 23.2 90 25 2 5.4
40-49 55 13.9 51 14.2 4 10.8
50-59 36 9.1 30 8.3 6 16.2
60-69 39 9.8 36 10 3 8.1
70 or more 15 3.8 15 4.2 0 0

Tobacco consumption No 204 72.1 181 71 23 82.1
0.211

Current or former 79 27.9 74 29 5 17.9
Alcohol disuse No 217 76.7 194 76.1 23 82.1

0.471
Current or former 66 23.3 61 23.9 5 17.9

No. of lesions per patient 
(at presentation)

Single 370 93.2 333 92.5 37 100

0.395
Two 19 4.8 19 5.3 0 0
Three 7 1.8 7 1.9 0 0
Four 1 0.3 1 0.3 0 0

Initial manifestation of the 
disease that give opportu-
nity for diagnosis

Swelling 224 51.7 198 50 26 70.3

0.083
Radiographic finding 138 31.9 131 33.1 7 18.9
Infection 34 7.9 34 8.6 0 0
Pain 28 6.5 25 6.3 3 8.1
Others 9 2.1 8 2 1 2.7

Time of evolution (months) Mean ± S.D. 17.3 ±2.3 16.8 ±2.3 20.4 ±7.5 0.598
Anatomical jaw location Maxilla 240 55.4 229 57.8 11 29.7

0.001
Mandible 193 44.6 167 42.2 26 70.3

Anatomical region loca-
tion

Anterior 120 27.7 115 29 5 13.5
0.067Posterior 219 50.6 194 49 25 67.6

Anterior-posterior 94 21.7 87 22 7 18.9
Radiograph appearance 
type

Radiolucent 421 97.5 396 100 25 69.4
<0.001

Radiopaque 11 2.5 0 0 11 30.6
Radiolucent appearance 
type

Unilocular 404 96 383 96.7 21 84
0.002

Multilocular 17 4 13 3.3 4 16
Presence of tooth inclusion No 320 73.9 297 75 23 62.2

0.089
Yes 113 26.1 99 25 14 37.8

Radiographic size (cm) Mean ± S.D. 3.3±1.7 3.2 ±1.7 4.3 ±1.9 <0.001
Treatment Enucleation with curettage 425 98.2 396 100 29 78.4

<0.001Partial resection 5 1.2 0 0 5 13.5
Segmental resection 3 0.7 0 0 3 8.1

Recurrence No 403 93.1 373 94.2 30 81.1
0.003

Yes 30 6.9 23 5.8 7 18.9
OC, odontogenic cysts; OT, odontogenic tumours; S.D. standard deviation. Significant P-values are indicated at bold numbers

Table 1: General characteristics of the patients with odontogenic cysts and odontogenic tumours.
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Several subtypes were included in the main diagnosis. 
For instance, from the 16 ameloblastomas, 8 (50%) were 
solid type, 7 were (43.7%) unicystic and one (6.3%) was 
a peripherical type. With regards to the histological 
pattern of the ameloblastomas, there were 10 (62.5%) 
plexiform cases, one (6.3%) follicular, one (6.3%) acan-
thomatous and 4 mixed (25%) cases. From the 9 odonto-
mas, 7 (77%) were complex and 2 (23%) were compound 
type. There were 35 (8.1%) residual cysts included in the 
diagnosis of radicular cysts, and 5 (1.2%) eruption cysts 
included in the dentigerous cyst diagnosis.
- Analysis of the 5 most common lesions
Age and Gender
The mean age of patients with odontomas (22.9±12.5 
years) and dentigerous cysts (33±19.5 years) were lower 
than those with radicular cysts (38.1±15.3 years), odonto-
genic keratocysts (39.3±19.8 years) and ameloblastomas 
(38.5±18.3 years) (P=0.015). Most of the lesions affect-
ed patients in their third and four decades of life (Fig. 3).

Dentigerous cysts were the only lesions that occurred in 
the patients’ first decade of life (n=8; 10.4%). Of these, 
4 of them were eruption cysts (Table 2). The lesions 
that occurred most commonly in male patients were ra-
dicular cysts (n=137 ;57.3%), dentigerous cysts (n=53; 
68.8%), and ameloblastomas (n=12; 75.0%). In compari-
son, odontogenic keratocysts (n=20; 57.1%) and odon-
tomas (n=5; 55.6%) occurred more frequently in female 
patients (P=0.048) (Table 2).
Number of Lesions and Anatomical Site
The presence of multiple lesions occurred in cases of 
odontogenic keratocysts (10;28.6%), radicular cysts 
(13;5.4%) and dentigerous cysts (3;3.9%). All amelo-
blastomas and odontomas, in our sample, were single 
lesions (P<0.001). There were 6 cases of Gorlin-Goltz 
Syndrome amongst patients who had a diagnosis of 
odontogenic keratocysts (17.1% of the 35 patients di-
agnosed with odontogenic keratocysts). All syndromic 
patients presented with more than one odontogenic ker-

Fig. 2: Distribution of the most common lesions found in the present sample.

Fig. 3: Distribution of the 5 most common lesions found in the present sample by age decades.
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atocyst at diagnosis and four (13.8%) non-syndromic 
patients also presented with multiple odontogenic ker-
atocysts at diagnosis (P<0.001). Other manifestations 
of this syndrome included bone/skeletal abnormali-
ties (spina bifida, pectus excavatum, scoliosis, frontal 
bossing, or hypertelorism), falx cerebri calcification, 
congenital cataracts, basal cell nevus and/or carcino-
mas as well as a family history of the disease (present 
in 3 of the 6 Gorlin-Goltz patients in our sample).
The mandible was the jaw most affected by dentig-
erous cysts (n=46; 58.2%), odontogenic keratocysts 
(n=42; 84%), ameloblastomas (n=14; 87.5%) and odon-
tomas (n=5; 55.6%). Radicular cysts occurred mostly 
in the maxilla (n=187; 72.8%) (P<0.001). All com-
pound odontomas were located in the maxilla and 5 
(71.4%) of the 7 complex odontomas were locate in the 
mandible (P=0.073) (Table 3). The posterior region 
was predominantly affected in all 5 lesions (Table 2). 
Albeit this, maxillary radicular cysts were more com-
mon in the anterior region (80; 42.8%)(P<0.001).
Clinical Manifestation, Radiographic Findings and 
Diagnosis
Swelling was the first clinical manifestation that lead 
to detection of the lesions especially for ameloblasto-
mas (n=15; 93.8%), dentigerous cysts (n=42; 53.2%), 
and radicular cysts (n=134; 52.1%). For odontogenic 
keratocysts, swelling (n=19;38%) was also the first 
clinical presentation of the lesion, but the same pro-
portion (38%) of lesions were detected incidentally 
during screening or routine radiographic examination. 
This was also the case for odontomas, where 55.6% 
of these lesions were detected incidentally on routine 
radiographs (n=5) (P<0.001).
Most of the lesions presented a radiolucent image, 
apart from odontomas which had a radiopaque appear-
ance (P<0.001). Some lesions presented multilocular 
appearance, which was observed in 11 odontogenic 
keratocysts (22%), 4 ameloblastomas (26.7%) and one 
dentigerous cyst (1.3%). All radicular cysts presented 
a unilocular appearance (P<0.001). We found no dif-
ferences between radiographic appearance of the solid 
ameloblastoma type (multilocular in 3 cases; 37.5%) 
and unicystic ameloblastoma (multilocular in one case; 
14.3%) (P=0.310). Histological pattern of ameloblas-
tomas were not related with radiographic appearance, 
with multilocular cases found in 3 (30%) plexiform 
and one (33.3%) mixed type (P=0.837). The involve-
ment of an adjacent included tooth was seen in every 
case of dentigerous cyst and not observed in any cases 
of radicular cysts. It was detected in 14 odontogenic 
keratocysts (28%), in 5 (31.3%) ameloblastomas (4 of 
them in unicystic ameloblastomas) and 4 odontomas 

(44.4%) (P<0.001). Ameloblastomas and odontogenic 
keratocysts presented as larger sized lesion (5.2±1.7cm 
and 4.5 ±2.4cm, respectively) than dentigerous cysts 
(3.6 ±1.8cm), radicular cysts (2.8 ±1.3cm) or odonto-
mas (2.8 ±1.2cm) (P<0.001). No differences on size 
were found between the solid or unicystic ameloblas-
tomas (P=0.837) or between complex or compound 
odontomas (P=0.331) (Table 2).
Treatment
Surgical enucleation (with curettage) was the treat-
ment of choice for most of the lesions in the sample. 
All cases of radicular cysts, dentigerous cysts, and 
odontogenic keratocysts were treated with this proce-
dure. For ameloblastoma cases, partial resection sur-
gery was carried out for two patients (12.5%) and total 
resection for another two patients. One case (11.1%) of 
a complex odontoma also underwent a partial resec-
tion (P<0.001).
- Analysis of recurrence-free time interval
We analysed the interval of time without recurrence 
for all patients during the follow-up period (mean 
follow-up time of 36.4±2.4 months ranging from 1 to 
232 months). The overall mean recurrence-free inter-
val was 185.1±8.3 months (95% CI of 168.9 to 201.3) 
with 88.2% of patients without recurrence at the 5-year 
follow-up mark.
We performed a univariate analysis using Kaplan-Mei-
er curves method. The variables with significant asso-
ciation with higher number of recurrence cases were: 
anatomical site of the lesion (in mandible) (P=0.045), 
presence of multiple lesions at diagnosis (P=0.019), 
histological diagnosis of the lesions (especially for am-
eloblastomas and odontogenic keratocysts) (P=0.005), 
the presence of Gorlin-Goltz syndrome (P=0.006), 
the presence of multilocular radiographic appearance 
(P<0.001), and a radiographic size greater than 3.3cm 
(P=0.004) (Table 3).
To analyse the independent effect of each of these 
variables with significant results in univariate analy-
sis we included them into a Cox regression analysis 
(Table 4). The diagnosis of the lesions was the only in-
dependent variable with a significant and independent 
prognostic value on the risk of recurrence (P=0.043), 
with ameloblastomas and odontogenic keratocysts 
presenting a HR of 6.1 (95% CI of 1.5 to 25.4, P=0.013) 
and 5.1 (95% CI of 1.3 to 20.4, P=0.023), respectively 
(Table 4).
However, when we adjusted the analysis with the treat-
ment variable, the diagnosis of the lesion and the ra-
diographic (radiolucent) appearance of the lesion pre-
sented a significant and independent value (P=0.01 
and P=0.025, respectively).
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General characteristics
of the patients

RC DC OK AB OD
P-value

N % N % N % N % N %
Gender Male 137 57.3 53 68.8 15 42.9 12 75 4 44.4

0.048
Female 102 42.7 24 31.2 20 57.1 4 25 5 55.6

Age Mean ± S.D. 38.1±15.3 33±19.5 39.3±19.8 38.5±18.3 22.9±12.5 0.015

Age decades (years)

0-9 0 0 8 10.4 0 0 0 0 0 0

0.125

10-19 10 4.2 18 23.4 6 17.1 2 12.5 4 44.4
20-29 78 32.6 7 9.1 8 22.9 5 31.3 4 44.4
30-39 68 28.5 16 20.8 4 11.4 2 12.5 0 0
40-49 31 13 12 15.6 6 17.1 1 6.3 0 0
50-59 18 7.5 9 11.7 2 5.7 4 25 1 11.1
60-69 25 10.5 4 5.2 7 20 2 12.5 0 0
70 or more 9 3.8 3 3.9 2 5.7 0 0 0 0

Tobacco consump-
tion

No 107 64.8 47 79.7 21 87.5 8 72.7 6 85.7
0.081

Current or former 58 35.2 12 20.3 3 12.5 3 27.3 1 14.3
Alcohol disuse No 119 72.1 47 79.7 22 91.7 7 63.6 7 100

0.087
Current or former 46 27.9 12 20.3 2 8.3 4 36.4 0 0

No. of lesions
per patient
(at presentation)

Single 226 94.6 74 96.1 25 71.4 16 100 9 100

0.374
Two 9 3.8 3 3.9 6 17.1 0 0 0 0
Three 4 1.7 0 0 3 8.6 0 0 0 0
Four 0 0 0 0 1 2.9 0 0 0 0

Initial manifesta-
tion of the disease 
that give opportu-
nity for diagnosis

Swelling 134 52.1 42 53.2 19 38 15 93.8 3 33.3

0.329
Radiographic finding 80 31.1 27 34.2 19 38 0 0 5 55.6
Infection 29 11.3 3 3.8 1 2 0 0 0 0

Pain 14 5.4 7 8.9 3 6 1 6.3 0 0
Others 0 0 0 0 8 16 0 0 1 11.1

Time of evolution Mean ± S.D. (months) 19.1±3.1 13±4 9±3.5 10.8±2.6 30 ± 6 0.524
Anatomical jaw 
location

Maxilla 187 72.8 33 41.8 8 16 2 12.5 4 44.4
<0.001

Mandible 70 27.2 46 58.2 42 84 14 87.5 5 55.6
Anatomical region 
location

Anterior 96 37.4 13 16.5 6 12 3 18.8 1 11.1
0.095Posterior 105 40.9 45 57 37 74 12 75 5 55.6

Anterior-posterior 56 21.8 21 26.6 7 14 1 6.3 3 33.3
Radiograph
appearance type

Radiolucent 257 100 79 100 50 100 15 100 0 0
<0.001

Radiopaque 0 0 0 0 0 0 0 0 9 100
Radiolucent
appearance type

Unilocular 257 100 78 98.7 39 78 11 73.3 - -
<0.001

Multilocular 0 0 1 1.3 11 22 4 26.7 - -
Presence of
tooth inclusion

No 257 100 0 0 36 72 11 68.8 5 55.6
<0.001

Yes 0 0 79 100 14 28 5 31.3 4 44.4
Radiographic size 
(cm)

Mean ± S.D. 2.8±1.3 3.6±1.8 4.5±2.4 5.2±1.7 2.8±1.2 <0.001

Treatment Enucleation with curet-
tage

257 100 79 100 50 100 12 75 8 88.9

<0.001Partial resection 0 0 0 0 0 0 2 12.5 1 11.1
Segmental resection 0 0 0 0 0 0 2 12.5 0 0

Recurrence No 250 97.3 76 96.3 38 76 10 62.5 9 100
<0.001

Yes 7 2.7 3 3.7 12 24 6 37.5 0 0
RC, odontogenic cysts; DC, dentigerous cyst; OK, odontogenic keratocyst; AB, ameloblastoma; OD, odontoma; S.D. standard deviation. Sig-
nificant P-values are indicated at bold numbers

Table 2: General characteristics of the five most common odontogenic cysts and odontogenic tumours.
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General characteristics of the patients
N Recurrence Proportion of 

time without 
recurrence

P-value

Gender Male 231 17 88.3% 0.417Female 166 11 88.3%
Age (years) 0-36 226 20 82.5% 0.061>36 171 8 95.6%
Tobacco consumption No 204 17 90.6% 0.688Current or former 79 3 87.6%
Alcohol disuse No 217 18 89.2% 0.211Current or former 66 2 94.5%
No. of lesions per 
patient

Single 370 22 91.4% 0.019Multiple 27 6 62.6%
Initial manifestation 
of the disease that 
give opportunity for 
diagnosis

Swelling 214 17 89.2%

0.712
Radiographic finding 119 5 89%
Infection 34 2 86.3%
Pain 26 3 85.7%
Others 4 1 75%

Time of evolution 
(months)

Up to 6months 92 7 89.7% 0.611> 6 months 79 8 78.8%
Anatomical jaw 
location

Maxilla 229 10 93% 0.045Mandible 168 18 85.2%
Anatomical region 
location

Anterior 113 6 93%
0.161Posterior 192 18 88.7%

Anterior-posterior 92 4 91.6%
Radiograph 
appearance type

Radiolucent 385 28 87.8% 0.298Radiopaque 11 0 100%
Radiolucent 
appearance type

Unilocular 368 21 91.2% <0.001Multilocular 17 7 53%
Presence of tooth 
inclusion

No 290 17 89.6 0.222Yes 107 11 84.8
Radiographic main size <3.3cm 221 6 95.8 0.004>3.3cm 176 22 85.9
Treatment Enucleation with curettage 389 27 87.7

0.444Partial resection 5 1 100
Segmental resection 3 0 100

Gorlin-Goltz syndrome No 391 25 89.5 0.006Yes 6 3 55.6
Diagnosis of the lesion Radicular cyst 239 7 94.8%

0.005

Dentigerous cyst 77 3 89.7%
Odontogenic keratocyst 35 10 71%
Orthokeratinized odontogenic cyst 6 1 50%
Ameloblastomas 16 6 80.4%
Adenomatoid odontogenic tumour 1 0 100%
Ameloblastic fibroma 1 0 100%
Odontoma 9 0 100%
Calcifying epithelial odontogenic tumour 2 1 50%
Odontogenic fibroma 1 0 100%
Odontogenic myxoma 5 0 100%
Cementoblastoma 2 0 100%
Calcifying odontogenic cyst 1 0 100%
Paradental cyst 2 0 100%

Clinical type
(only for 
ameloblastomas)

Ameloblastoma (”solid/multicystic”) 8 4 75%
0.884Unicystic ameloblastoma 7 2 85.7%

Peripherical ameloblastoma 1 0 100%
Histopathological 
Pattern
(only for 
ameloblastomas)

Plexiform 10 5 70%

0.593Folicular 1 0 100%
Acantomatosous 1 1 0%
Mixed 4 0 100%

Significant P-values are indicated at bold numbers

Table 3: Univariable analysis of recurrence-free time interval of variables evaluated in the study.
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Variable P-value Hazard ratio 95% Confidence 
interval

Model I a

Number of lesions at diagnosis
Single 1
Multiple 0.272 2.471 0.492 - 12.399

Anatomical jaw location
Maxilla 1
Mandible 0.238 0.507 0.164 - 1.567

Radiograph (radiolucent) 
appearance 

Unilocular 1
Multilocular 0.107 2.543 0.818 -7.906

Lesion radiograph size
<3.3cm 1
>3.3cm 0.235 1.885 0.662 - 5.368

Gorlin ś syndrome presence 
 

No 1
Yes 0.946 0.931 0.119 - 7.255

Lesion diagnosis: Radicular cyst 0.043 1
Dentigerous cyst 0.816 1.186 0.284 - 4.957
Odontogenic keratocyst 0.023 5.056 1.251- 20.438
Ameloblastomas 0.013 6.112 1.473 - 25.364

Model II a

Number of lesions at diagnosis
Single 1
Multiple 0.175 3.160 0.598 - 16.682

Anatomical jaw location
Maxilla 1
Mandible 0.182 0.446 0.136 - 1.459

Radiograph (radiolucent) 
appearance 

Unilocular 1
Multilocular 0.025 4.239 1.203 - 14.940

Lesion radiograph size
<3.3cm 1
>3.3cm 0.257 1.844 0.640 - 5.313

Gorlin ś syndrome presence 
 

No 1
Yes 0.938 0.920 0.113 - 7.495

Lesion diagnosis Radicular cyst 0.010 1
Dentigerous cyst 0.916 1.082 0.250 - 4.686
Odontogenic keratocyst 0.047 4.435 1.023 - 19.222
Ameloblastomas 0.002 11.743 2.507 - 55.014

Treatment of lesions Enucleation 0.960 1
Partial resection 0.777 0.726 0.080 - 6.616
Total resection 0.974 0 0

HR, Hazard ratio; CI, confidence interval for HR. Significant P-values are indicated at bold numbers
a Variables included in multivariable Cox regression analysis using enter method in Model I - number of lesions at diagnosis, multiple vs single 
(reference category); Anatomical jaw location, mandible vs maxilla (reference category); Radiograph appearance, multilocular vs unilocular 
(reference category); Lesion size, >3.3cm vs < 3.3cm (reference category); Gorlin syndrome, presence vs No (reference category); Lesion 
diagnosis, dentigerous cyst, odontogenic keratocyst, ameloblastomas vs radicular cyst (reference category).
b Variables included in multivariable Cox regression analysis using enter method in Model II - number of lesions at diagnosis, multiple vs single 
(reference category); Anatomical jaw location, mandible vs maxilla (reference category); Radiograph appearance, multilocular vs unilocular 
(reference category); Lesion size, >3.3cm vs < 3.3cm (reference category); Gorlin syndrome, presence vs No (reference category); Lesion 
diagnosis, dentigerous cyst, odontogenic keratocyst, ameloblastomas vs radicular cyst (reference category); Treatment of lesions, partial 
resection, total resection vs enucleation (reference category).

Table 4: Multivariable analysis of recurrence-free time interval of variables with significant effect in univariable analysis.

Discussion
We developed an observational study to analyse the 
clinical and pathological characteristics of a cohort of 
odontogenic cysts and tumours of the jaws in a Portu-
guese population, and using the new 2017 WHO classi-
fication system. We observed a predominant frequency 
of odontogenic cysts (91.5%) over odontogenic tumours. 
This is in line with studies and case series reporting on 
odontogenic cysts and tumours (7-9,15). In a Canadian 
population sample, Daley et al. (9) observed a higher 

relative incidence of odontogenic cysts (93.9%) over 
odontogenic tumours. In the Baghaei et al. (15) study, 
looking at an Iranian population cohort, this value cor-
responded to 86.4%.
Interestingly, if we use the WHO 2005 classification, 
where odontogenic keratocysts were considered neo-
plasms (KOT) and include them in the OT category, 
the proportion of odontogenic cysts in our sample 
drops to 79.7%. This leads to a proportional increase 
of odontogenic tumour frequency with KOT being 
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the most frequent type of OT (56.8%). This is in line 
with other studies that showed an increased prevalence 
of OT when using the 2005 WHO classification (7,8), 
with KOT being the most common OT (6,8). With the 
new 2017 WHO classification, odontogenic keratocysts 
are considered odontogenic cysts contributing to a 
lower prevalence of OT as observed in several studies 
(9,16,17), except for some studies with African cohorts.
The third decade of life was the most affected decade, 
for both odontogenic cysts and tumours, which corre-
lates with observations in other studies also (5,18-20). 
We observed a higher number of cases in males, without 
a significant difference between OC and OT. This gen-
der distribution was also observed in other studies on 
odontogenic cysts (1,3,15,18,19,21-25) and odontogenic 
tumours (5,20,26). Odontogenic cysts occurred more 
often in the maxilla compared to odontogenic tumours 
that occurred more commonly in the mandible. This 
is in line with findings of other population cohorts on 
odontogenic cysts (3,15,17,19,24,27) and on odontogenic 
tumours (5,8,14,20,26,28).
The lesion most commonly observed in our sample 
was the radicular cyst. This was followed by dentiger-
ous cysts, odontogenic keratocysts, ameloblastomas 
and odontomas. These lesions represented 95% of the 
sample. This frequency distribution is similar to that 
reported in other studies analysing OC and/or OT (3,16-
19,21-23,25,27,29).
Radicular cysts, the most frequent lesion in our sample, 
corresponded to 58% of all cases, affecting slightly more 
males and occurring most commonly in the third de-
cade of life. This result corroborates with those of other 
publications in frequency, age and gender (3,18,19,21). 
Nevertheless, there is a difference in the frequency rate 
of radicular cysts between different countries, ranging 
from 40% to 80%. Some authors (3,24) have associated 
the higher frequency of these lesions to poor oral health 
conditions and lower socio-economic classes, which 
shows the importance of promoting better oral health 
worldwide. Residual cysts were included in the radicu-
lar cyst diagnosis according to the 2017 WHO classifi-
cation. However, if analysed alone, they correspond to 
the 4th most common lesion in our sample as observed 
in other studies (3,17,21-23,25,27,29).
Dentigerous cysts corresponded to the second most 
commonly occurring lesion in our sample as also noted 
by other studies. However, the study by Baghaei et al. 
(15) evaluated 70 odontogenic cysts and found that den-
tigerous cysts were the most commonly occurring le-
sion. Most studies confirm the young age at which this 
type of cysts presents. This is in line with our results 
with dentigerous cysts mostly occurring in patients in 
the second decade of life, and being the only lesion 
with cases in the first decade of life (13,17,22,24). More 
cases were present in the posterior region of the man-

dible, similar to the observations made by other stud-
ies (1,12,24,25,29). Using the 2017 WHO classification, 
eruption cysts, which were found in 5 cases in our sam-
ple (4 of them in the first decade of life), were included 
in the dentigerous cyst diagnosis, due to their aetiologi-
cal nature.
Odontogenic keratocysts were the third most common 
lesion in this group. It has been suggested that this le-
sion may occur more frequently in the western world 
and amongst Caucasian patients, as opposed to in Asian 
and African regions or amongst patients of black Afri-
can descent (20). A higher relative frequency of odonto-
genic keratocysts (or KOT, using the 2005 WHO clas-
sification) compared with ameloblastomas was reported 
in Mexico (7) and Brazil (6,8), compared with a higher 
frequency of ameloblastomas in Egypt (28), Nigeria 
(20,26), and South Africa (30). This can however be bi-
ased, as suggested by Oginni et al. (20), as in some de-
veloping countries patients may seek help or present to 
healthcare centres only in severe cases, for instance in 
the case of a severe swelling. Interestingly, we observed 
that odontogenic keratocysts were the most common 
type of odontogenic cyst being detected by screening 
radiographs (38%), as opposed to ameloblastomas that 
were detected mainly due to the clinical manifestation 
of swelling (94%). We found a slightly higher number 
of cases in females, as also reported by other authors 
(1,2,13) but not all (12,20,23) and with a peak in the 
third decade of life, similar to the results reported by 
Selvamani et al. (25). Odontogenic keratocysts predom-
inantly affected the mandible and the posterior region, 
confirming the well documented predilection of the 
mandible (1,12,13,17,20,23,25-27,29).
Odontogenic keratocysts were the lesions that presented 
with more synchronic or multiple cysts at the time of 
the diagnosis. Moreover, we observed an association 
with Gorlin-Goltz syndrome in 6 patients (17%). They 
all presented with multiple odontogenic keratocysts and 
other manifestations of the syndrome such as bone/skel-
etal alterations, basal cell nevus and/or carcinomas or 
familial history of the disease as described by others. 
Unfortunately, very few studies with large cohort of OC/
OT have evaluated this syndrome. Del Corso et al. (12), 
evaluating an Italian cohort of 1136 jaw cysts, found 
only 2 cases of this syndrome amongst the 16 odonto-
genic keratocysts in the sample (12.5%). In a Turkish 
sample of 452 odontogenic cysts, Açikgöz et al. (1), 
found one case of this syndrome amongst the 15 odon-
togenic keratocysts (7%), and Kambalimath et al. (18) 
found no cases in their study of 150 odontogenic cysts 
in an Indian population. Our higher frequency in com-
parision with these studies, could be related with the fa-
milial cases that we found, or perhaps by the exhaustive 
and multidisciplinary clinical examination performed 
in the patients of this central hospital. In view of this, 
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we suggest an integrative and multidisciplinary diag-
nostic plan for all suspected or confirmed cases of odon-
togenic keratocysts, including also a comprehensive 
personal and family clinical history. Although most of 
the odontogenic keratocysts in this sample had a uniloc-
ular radiographic appearance, the multilocular pattern 
was present in 22% of these cysts, representing 2.7% 
of all odontogenic cysts, which is in line to the propor-
tion reported by other studies (1) suggesting an aggres-
sive pattern for some of these odontogenic keratocysts.
As the most frequently occurring odontogenic tu-
mour in our cohort of patients, ameloblastoma cases 
were more common in male patients and in the third 
decade of life, similar to the observations by others 
authors (5,14,20,26). There was a clear predominant 
occurrence in the mandible (88%) and particularly in 
the posterior region (75%), with similar values to that 
of odontogenic keratocysts (84 and 74%, respectively). 
This predilection to the mandible was also reported by 
other authors looking at odontogenic tumour lesions 
(10,14,16,26,28,30). Ameloblastomas were the lesions 
with more cases of multilocular radiographic appear-
ance (26%), which is in accordance with the literature 
and with values close to those also observed in odonto-
genic keratocysts, showing the aggressive character of 
these lesions.
Analysing the histological characteristics of these le-
sions, we observed that more than half of ameloblas-
tomas presented a plexiform pattern, as observed by 
Fernandes et al. (16) in 55% of cases. However, Oginni 
et al. (20) found more cases of follicular pattern (41%). 
The most common macroscopic type of ameloblastoma 
corresponded to the “solid type”, as also observed by 
Fernandes et al. (16). Nevertheless, our values for uni-
cystic ameloblastomas are higher than that reported by 
this last study (17%).
Odontomas were the 2nd most common odontogenic tu-
mour, similar to the description by Fernandes et al. (16). 
However, the prevalence of odontomas has shown great 
variations over the world with high frequency in Ameri-
can and European countries (6,9,11,17) and low in Africa 
and Asian countries (5,14,20,26,30); interestingly this is 
the opposite of the pattern observed for ameloblastomas 
(5). These differences, more than geographic variations, 
could be related with the hamartomatous nature of these 
lesions, with few clinical manifestations that could lead 
to a lower rate of treatment of these lesions and a lower 
rate of histopathological analysis (5). In fact, most of the 
odontomas in our sample were detected incidentally on 
radiographs and not by clinical symptoms. This could 
suggest that the frequency of odontomas could be un-
derestimated in many reports.
Unfortunately, data on the recurrence of odontogenic 
cysts (2,12,13) and odontogenic tumours has been very 
scarce (10,11,14).  Furthermore, we did not find any 

study using longitudinal analysis of the recurrence-free 
time interval. We note that the recurrence was signifi-
cantly related with some lesions such as ameloblasto-
mas (37.5%) and odontogenic keratocysts (24%), and 
less with dentigerous cysts (3.8%), and radicular cysts 
(2.7%), which is in line with the existing literature re-
porting recurrence (10,12). However, we also aimed 
to evaluate the influence of clinical and pathological 
variables on the recurrence, performing a multivari-
ate analysis on a longitudinal approach. In multivariate 
analysis, the diagnosis of the lesions was the only inde-
pendent variable, with ameloblastomas and odontogen-
ic keratocysts presenting a hazard ratio of 6.1 and 5.1, 
respectively. In the univariate analysis, we did not ob-
tain a positive association with the treatment, although 
we acknowledge that it could be biased according to the 
diagnosis of the lesion, as for example, bone resections 
were more common in odontogenic tumours. Therefore, 
we included the treatment variable in a second model of 
multivariable analysis and observed that the diagnosis 
and the radiographic appearance of the lesions present-
ed a significant and independent value. This confirms 
not only the importance of the histological diagnosis, 
but also the importance of a longer follow-up for these 
lesions, in particular for ameloblastomas and odonto-
genic keratocysts.
Despite the fact that odontogenic keratocysts were in-
cluded again in the group of odontogenic cysts, they do 
have some aggressive characteristics which are similar 
to characteristics associated with some odontogenic tu-
mours (such as ameloblastomas). These characteristics 
involve recurrence rate, multilocular radiographic ap-
pearance, anatomical location, or large dimension of the 
lesion. Interestingly, we did not find a significant differ-
ence with the histological pattern of the ameloblastomas 
and also for the macroscopic type of ameloblastomas. 
This suggests that, although unicystic ameloblastoma 
presents clinically as a cystic lesion, it should be regard-
ed as a true odontogenic tumour and a member of the 
ameloblastoma group.
We acknowledge some limitations in our work, many 
of them related with the retrospective nature of this 
study, and others related with rare presentation of 
some lesions that do not allow us to make statistical 
comparisons with more groups of lesions. Also, the 
treatment, as expected, was probably related to the 
severity of the lesions which could cause some bias 
in the treatment analysis. Moreover, some more recent 
treatment approaches were not analysed as these were 
not usually performed during the analysed period of 
time. We intend in future to evaluate the treatment op-
tions in a selected group of homogeneous lesions and 
also to analyse the value of some molecular biomark-
ers as adjuvant tools in the diagnosis and prognosis of 
these lesions.
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In conclusion, radicular cysts were the most commonly 
occurring type of odontogenic cyst and ameloblastomas 
were the most commonly occurring type of odonto-
genic tumour in this Portuguese population cohort. The 
highest recurrence rate was noted amongst ameloblas-
tomas and odontogenic keratocysts. This large sample 
provides useful information about the frequency distri-
bution of odontogenic cysts and odontogenic tumours 
over a period of 18 years allowing valuable comparison 
with other countries.
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