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Abstract 

Three hundred and twenty-two patients (192 male and 130 female) with cystic lesions of the 
jaw were successfully diagnosed and treated. One hundred and fifty-five (48%) were radicular 
cysts, 80 (25%) were dentigerous cysts, 23 (7%) were odontogenic keratocyst (=keratocystic 
odontogenic tumor), 19 (6%) were eruption cysts, 16 (5%) were traumatic bone cysts, and 29 
(9%) were non-odontogenic cysts. 

There were 95 in the pediatric age group (1 month to 16 years) and 227 in the adult age group 
(17 years and older). Male to female ratio was 1 in the pediatric age group and 1.7 in the adult 
age group. The treatment modalities were: marsupialization, enucleation, enucleation with 
bone grafting, or resection. The distribution and characteristics of jaw cysts in children are 
different from those in adults. In children there is a relatively high rate of developmental cysts, 
whereas in adults the inflammatory cysts are more common. Following enucleation of a cystic 
jaw lesion, the entire surgical specimen and not only a biopsy specimen, should be examined 
histopathologically to prevent any possibility of an intramural squamous cell carcinoma that 
may be overlooked. The differences in prevalence of each type of jaw cyst during a lifetime 
may point toward a multifactorial polygenic pattern rather than a monogenic pattern. 
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Introduction 

Odontogenic cysts are defined as those cysts that 
arise from odontogenic epithelium and occur in the 
tooth-bearing regions of the jaws. It is usually con-
sidered that proliferation and/or degeneration of this 
epithelium leads to odontogenic cyst development. 
Cystic jaw lesions may be epithelial or non-epithelial, 

odontogenic or non-odontogenic, developmental, or 
inflammatory in origin. The distribution of jaw cysts 
according to diagnosis in a general population is: 
radicular cysts (RC) 56%, dentigerous cysts (DC) 17%, 
nasopalatine duct cysts (NPDC) 13%, odontogenic 
keratocysts (OKC) 11%, globulomaxillary cysts 2.3%, 
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traumatic bone cysts (TBC) 1.0%, and eruption cysts 
(EC) 0.7% [1,2]. According to the 2005 WHO Classifi-
cation of Tumors [3], OKC is currently designated as a 
keratocystic odontogenic tumor (KCOT) and is de-
fined as a benign uni-or multicystic, intraosseous tu-
mor of odontogenic origin, with a characteristic lining 
of parakeratinized stratified squamous epithelium 
with the potential for aggressive, infiltrative behavior. 
Although they are benign, keratocystic odontogenic 
tumors (KCOTs) are locally aggressive and have a 
tendency to recur after treatment; reported recurrence 
rates range from 3% to 60% [2]. 

Several long-term developmental processes are 
taking place in the maxillofacial area during the pe-
diatric age period. These include the 
three-dimensional growth of the maxillofacial skele-
ton as well as odontogenesis of the deciduous and 
permanent dentition, all of which may be associated 
with cyst formation. During the adult age period the 
permanent dentition sustains damage originating 
from caries and / or trauma, both of which may be 
associated with cyst formation. As most jaw cysts are 
odontogenic in origin, it would be interesting to look 
at the distribution of jaw cysts in the different age 
groups. 

The purpose of this article is to follow the dis-
tribution, characteristics, histopathologic diagnosis, 
treatment, and outcome of jaw cysts in a series of 322 
patients and review the literature. 

Materials and Methods 

During a 20-year period, 322 patients (192 male 
and 130 female) with cystic lesions of the jaws were 
referred for consultation. All patients underwent 
clinical examination and plain film radiography 
(panoramic, periapical, and occlusal views). Some of 
them were referred to computed tomography (CT) 
with a multiplanar reconstruction program (MPR) [4]. 
Age, sex, cyst type, and cyst diameter were recorded. 
Patients were divided into two age groups—pediatric 
age (range: 1 month to 16 years) and adult age (range: 
17 years and older). Depending on the case, surgery 
was performed under local or general anesthesia and 
included one of the following treatment modalities: 
marsupialization, enucleation, enucleation with bone 
grafting or resection. 

Student-Newman-Keuls test was used for statis-
tical analysis at the P = 0.05 level for significant dif-
ferences. 

Results 

The types of cysts, mean age of patients, and 
mean diameter of cysts in the pediatric age group are 
listed in Table 1. In this group (N=95), the most 

common cysts were DC (44%), followed by EC (21%), 
TBC (18%), and RC (17%). The mean ages were 11, 4.3, 
14, and 8 years for DC, EC, TBC, and RC, respectively. 

The types of cysts, mean age of patients, and 
mean diameter of cysts in the adult age group are 
listed in Table 2. In this group (N=227), the most 
common cysts were RC (63%), followed by DC (18%), 
OKCT (10%), and non-odontogenic cyst (9%). The 
mean age groups were 42, 50, and 46 years for RC, 
DC, and OKCT, respectively. The difference in dis-
tribution of RC and DC between the pediatric and 
adult age groups was statistically significant (P < 
0.05). 

 

Table 1: Types of cysts, ages of patients, and cyst diameters 

in pediatric age group (N=95). 

 Number (%) Mean age 
(years) 

Mean diameter 
(cm) 

Dentigerous cyst 42 (44%) 11 2.1 

Eruption cyst 20 (21%)  4.3  

Traumatic bone cyst 17 (18%)  14 1.7 

Radicular cyst 16 (17%)  8 1.4 

 
 

Table 2: Types of cysts, ages of patients, and cyst diameters 

in adult age group (N=227). 

  Number (%) Mean age 
(years) 

Mean diame-
ter (cm) 

Radicular cyst 144 (63%) 42 3.0 

Dentigerous cyst  40 (18%) 50 3.2 

Odontogenic keratocys-
tic tumor (=Keratocyst, 
Primordial cyst) 

 23 (10%) 46 2.7 

Non odontogenic cyst  20 ( 9%)    

 
 
The mean diameters of DCs were 2.1 and 3.2 for 

the pediatric and adult age groups, respectively. The 
mean diameters of RCs were 1.4 and 3.0 for the pedi-
atric and adult age groups, respectively. The differ-
ences in mean diameters of DC and RC between the 
age groups were significant (P < 0.05). 

The M:F ratio was 1.0 in the pediatric age group 
and 1.7 in the adult age group. This difference was 
statistically significant (P < 0.05). 

The treatment modalities included marsupiali-
zation in 113 (35%) patients, enucleation in 145 (45%), 
and enucleation and bone grafting in 62 (19%), by 
intraoral approach. Two cases (0.6%) with recurrent 
KCOT underwent resection, by extraoral surgical ap-
proach. 

The follow-up period ranged from a minimum of 
one year to five years. Such follow-up consisted of an 
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annual examination and periapical or panoramic ra-
diographs. All patients were without evidence of 
disease during the follow-up period. 

Discussion 

Cystic lesions of the jaws can be either odonto-
genic or non-odontogenic, developmental, or in-
flammatory in origin. In the present study 44% of the 
cysts were developmental and 48% were inflamma-
tory in origin. This is in general agreement with the 
type of cyst distribution found in a large series [2]. 
However, when looking separately at the pediatric 
and adult groups, an overt difference in distribution 
of RC, an inflammatory cyst (17% and 63%, respec-
tively), and DC, a developmental cyst (44% and 18%, 
respectively), can be seen. This finding is in agree-
ment with earlier reports [5–10]. 

The difference in prevalence of developmental 
cysts is probably related to the fact that during the 
pediatric age period the jaws are involved in pro-
found developmental processes. These include 
growth of the maxillofacial skeleton and development 
of the primary and permanent dentition, all of which 
can be associated with cyst formation. The difference 
in distribution of inflammatory cysts may be due to 
the fact that RCs arising from primary teeth are con-
sidered very rare [11]. RCs arising from permanent 
teeth are also infrequent in the pediatric age, because 
the RC arises from the epithelial residues in the peri-
odontal ligament as a result of inflammation that fol-
lows necrosis of the dental pulp. Recently erupted 
permanent teeth, as in the pediatric age, are usually 
intact. 

Clinical presentation of infection at the cyst area 
is usually associated with acute or chronic inflamma-
tion at the cyst wall. In such cases the epithelial lining 
of the cyst wall may be destroyed, regardless of cyst 
origin, leaving the cyst wall with granulation tissue.  

Of the 95 pediatric cases in our series, 48 were 
male and 47 female, providing a M:F ratio of 1. In 
contrast, of the 227 adult cases 143 were male and 84 
were female, with a M:F ratio of 1.70. This in agree-
ment with the reported distribution in the general 
population, where there is a significant difference in 
occurrence by sex, with male predominance [12–14]. 

The greater frequency in adult males may be 
because they are more likely to neglect their teeth or 
they are more likely to sustain trauma to their teeth, 
compared to females, all of which may be the etiology 
for cyst formation [1,2]. 

The mean diameter of DC and RC in the adult 
age group was significantly larger compared to the 
pediatric age group. Apparently, it does not point 
toward a more aggressive nature among the cysts in 

the adult group, but rather a general tendency among 
adults to postpone medical care, allowing the cyst to 
increase in size. The normal size difference of the 
mandible and maxilla between the pediatric and adult 
groups may also contribute to the cyst diameter. 

For most of the cysts, plain film radiography 
(PFR) was an adequate imaging modality. In some of 
the cases, CT with MPR program was also performed. 
The CT with MPR software, originally designed for 
implant dentistry, has proven to be useful in the 
evaluation of jaw abnormality and pathology [4, 
15–19]. Using this software program, anatomic struc-
tures, such as the mandibular canal, mental foramen, 
incisive canal, and maxillary sinus, can be seen in 
cross-section. CT with MPR has also been shown to be 
superior to PFR in demonstrating cystic lesions of the 
jaws and in evaluating bone regeneration following 
marsupialization of jaw cysts [17–19]. 

The main advantage of CT with MPR is that it 
allows planning of the surgical approach with the 
least morbidity to the adjacent anatomic structures 
[20]. Despite the advantages, CT should not be used 
routinely, but rather reserved for large lesions, par-
ticularly those where extension into the nasal cavity, 
maxillary antrum, orbit, or pterygomaxillary space 
must be assessed. 

The treatment objective is restoring the mor-
phology and function of the affected area. There are 
two basic surgical procedures, namely marsupializa-
tion (decompression) (Fig.1) and enucleation. Marsu-
pialization, a relatively simple procedure, consists of 
surgically producing a ―window‖ in the cystic wall to 
relieve intra-cystic tension. After this, the cystic cavity 
slowly decreases in size. The cavity is lightly packed 
with paraffin gauze until the line of junction between 
the cystic lining and the oral mucosa has healed. 
Three to six months later, enucleation is performed 
[16]. 

The notable disadvantages of the technique are: 
(a) it is a two-stage surgical procedure, (b) pathologi-
cal tissue is left behind and a more sinister patholog-
ical process (i.e., squamous cell carcinoma) may be 
overlooked [21], and (c) in a large cystic cavity it takes 
a long period of time for the bone to regenerate. 

Enucleation with primary closure is the treat-
ment of choice [22]. It is a one-stage surgical treatment 
followed by periodic radiographic examinations at 
regular intervals to observe the progress of bone re-
generation of the defect. It also allows pathologic 
examination of the entire specimen for histopatho-
logic diagnosis. Enucleation can be done only when 
the jaw bone adjacent to the cyst is intact. If CT 
demonstrates erosions in the buccal or lingual corti-
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ces, marsupialization should be the treatment of 
choice (Fig. 1) [4]. 

Marsupialization was performed in all patients 
with eruption cysts and for a few patients with sizea-
ble cysts. Enucleation without bone grafting was done 
with patients who had smaller diameter cysts. Enu-
cleation with bone grafting was performed with large 
cystic lesions. Allogeneic or xenogeneic demineral-
ized freeze-dried bone was used for grafting with 
satisfactory results [23–25]. Autogenous cancellous 
bone is considered the best grafting material and has 
been used with clinical success for treatment of cystic 
lesions for many years [7]. However, donor site mor-
bidity, either inta-oral or extra-oral, is a factor when 
obtaining a bone graft and it is an added morbidity 
regardless of site [26]. Its use for grafting of cystic 
lesions should be restricted if bone substitutes are 
available [27]. Two cases of recurrent lesion of KCOT 
treated initially in the community and referred to the 
hospital following recurrence, underwent resection. 

The traditional method for treatment of most KCOTs 
is enucleation. However, due to the lining of the cyst 
being delicate and the fact that they frequently recur, 
this method alone may not be sufficient. 

The surgical treatment method for KCOT was 
categorized as conservative or aggressive. Conserva-
tive treatment is ―cyst-oriented‖ and includes marsu-
pialization or enucleation with or without curettage. 
Its advantage is preservation of anatomical structures, 
including teeth, which is advocated because KCOTs 
commonly present in younger patients. It has been 
asserted that a conservative approach is applicable to 
all age groups as well as to patients with nevoid basal 
cell carcinoma syndrome (NBCCS). Aggressive 
treatment addresses the ―neoplastic nature‖ of KCOT 
and includes peripheral ostectomy, chemical curet-
tage with Carnoy’s solution or en bloc resection. The 
aggressive modalities have been recommended for 
NBCCS cases, large KOCTs and recurrent lesion [28].
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Figure 1. Dentigerous cyst affecting the left mandible of a 15-year-old boy treated by marsupiallization. At presentation, 

there was an acute infection in the area. A) Pre-operative radiographs: 1) Panoramic radiograph demonstrating a tooth 

within a large radiolucent area in the left mandible; 2) Axial CT scan demonstrating expansion of the body of the left 

mandible with very thin buccal and lingual cortices. A tooth is within the lumen; 3) Coronal CT of the mandible demon-

strates an expansion of the ascending ramus of the left mandible with very thin cortical borders. A tooth is within the lumen. 

B. Postoperative radiographs: 1) Panoramic radiograph shortly post-marsupialization, extraction of tooth 37 that was 

adjacent the cyst as well as tooth 38 that was within the cyst; 2) Panoramic radiograph one year post-treatment. The 

radiodensity of the cystic area is similar to normal bone, indicating complete bone regeneration. 

 
The follow up for patients with cystic lesions of 

the jaws following surgery is yearly panoramic radi-
ograph, at least up to full bony regeneration of the 
affected area. KCOT should be followed for a 5-year 
period, due to the higher recurrence rate [28,29]. 

The proliferative activity of odontogenic epithe-
lium in cystic lesions was examined by immuno-
labeling of Ki-67, EGF, and Survinin [30]. It was found 
that the proliferation rate of KCOT was greater than 
that of DC. In KCOT, the epithelial cells showed neo-

plastic proliferative characteristics, suggesting the 
presence of a suprabasal proliferative compartment, 
maintained by inhibition of apopotosis. The angio-
genesis was assessed in KCOT, DC, and normal oral 
mucosa using CD-105 antigen [31]. It was demon-
strated that CD-105 antigen is strongly expressed in 
microvessels of KCOT compared to DC and normal 
oral mucosa, suggesting that the cyst wall of KCOT 
plays a role in the neoplastic behavior of the lesion. 
These finding can further support the WHO decision 
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[3] recommending the term KCOT, as it better reflects 
its neoplastic nature. 

The fact that DC is more common in childhood, 
whereas RC is more common in adults, may point 
toward more genetic involvement in the etiology of 
DC, compared to RC. It is obvious that among the 
elderly, there is a long-term accumulation of envi-
ronmental influences, compared to the pediatric age 
period. 

Nowadays it is well known that there is a genetic 
basis for any kind of disease. Some of them are one 
gene dependent, while most are polygenic and mul-
tifactor dependent. The genetic basis might explain 
the wide range of different host responses to various 
environmental factors (viruses, bacteria, poisons, etc.) 
and thus the formation of odontogenic cysts. 

Our understanding of the genetic basis of odon-
togenic cysts is limited. Most reports are on KCOT 
(odontogenic keratocysts or primordial cysts). It has 
been found that point mutation occurs in the sup-
pressor gene PTCH mapped onto chromosome 
9(q22.3-q31). Also, several genes were over-expressed 
in 12q13, including KRT6B, ERBB3, and GLT1. Dele-
tions were also found in 3q13.1, 5q14.3, and 7q31.3 
including CDH18 and ALCAM, and MEMD. KCOT 
shows a high expression of bcl-2, p53, p63 [32–34]. 

Shear [35] has discussed the possibility that 
Knudson's "two hit" hypothesis of cancer develop-
ment [36] may also explain the transformation of 
KCOT into neoplasia. However, it cannot explain the 
predisposition for KCOT formation. Recent advances 
in genetic and molecular research, i.e., PTCH muta-
tions, have led to increased knowledge of KCOT 
pathogenesis, which hints at potential new treatment 
options, although the question of whether the KCOT 
is a cyst or a cystic neoplasm is yet to be answered 
with certainty. Since some advocate a more conserva-
tive treatment for KCOT, notably marsupialization, 
future treatment strategies may focus on molecular 
approaches that will reduce or eliminate the need for 
aggressive surgery [37,38]. 

The differences in prevalence of each type of jaw 
cyst during a lifetime may point toward a multifacto-
rial polygenic pattern rather than a monogenic pat-
tern. Since jaw cysts are common, and some of them 
carry tumorigenic potential, there is a need for an 
in-depth genetic study to determine the possible role 
of genetics in the etiology and prevalence of different 
types of jaw cysts.  

Conclusions 

The DC is most common in the pediatric age 
group, whereas the RC is most common in the adult 
age group. The treatment modalities in both groups 

were: marsupialization, enucleation, and enucleation 
with allogeneic or xenogeneic bone grafting. Har-
vesting of autogenous bone for grafting should be 
restricted to cases with large cysts and where bone 
substitute is not available. In recurrent KCOT lesion 
resection is the treatment of choice. Following enu-
cleation of a cystic jaw lesion, the entire surgical 
specimen and not only a biopsy specimen, should be 
examined histopathologically to prevent any possi-
bility of an intramural squamous cell carcinoma that 
may be overlooked. An infected cyst may lose its ep-
ithelial lining. Cytogenetic studies are useful and 
should be performed in KCOT. 
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