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ABSTRACT

Background: The keratocystic odontogenic tumour is classified as a developmental cyst derived from the enamel organ or 
from the dental lamina. The treatment of keratocystic odontogenic tumour of the jaw remains controversial. The aim of this 
study was to report the outcome of our conservative treatment protocol for keratocystic odontogenic tumour.
Methods: Three patients with different complaints referred to Oral and Maxillofacial Surgery Clinic, Faculty of Dentistry, 
Selçuk University. Initial biopsy was carried out in all patients and keratocystic odontogenic tumours were diagnosed 
subsequent to histopathological examination. The patients with keratocystic odontogenic tumours were treated by enucleation 
followed by open packing. This conservative treatment protocol was selected because of existing young aged patients. The 
average follow-up duration of the cases was 2 years.
Results: Out of 3 cases, 2 lesions were present in mandible and 1 lesion in maxilla. There was no evidence of recurrence 
during follow-up. All the cases were monitored continuously with panoramic radiographs, computed tomography and clinical 
evaluations.
Conclusions: This conservative treatment protocol for keratocystic odontogenic tumours, based on enucleation followed by 
open packing would be a possible choice with a view of offering low recurrence rate and low morbidity rate particularly in 
young patients.
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INTRODUCTION

The odontogenic keratocyst (OKC) is classified as a 
developmental cyst derived from the enamel organ or 
from the dental lamina [1-3]. The definition “odontogenic 
keratocyst” first was proposed by Philipsen in 1956, 
when he separated seven jaw cysts from cholesteatomas 
occurring in other cranial areas. Because of his thought 
that these were odontogenic cysts and not inflammatory 
in origin, he coined the term odontogenic keratocyst 
[4]. Later it was noted that other odontogenic cysts, 
such as radicular cysts, follicular cysts, and lateral 
periodontal cysts, are morphologically similar to 
OKCs [5]. In contrast there were observations which 
showed that the odontogenic keratocyst behaved more 
as a neoplasm and not like a cystic lesion [6]. Finally, 
in the latest World Health Organization classification, 
the former odontogenic keratocyst was added to the 
benign odontogenic tumours category. The new term 
is “keratocystic odontogenic tumor” (KCOT). In 
contrast to other odontogenic cysts, KCOTs have a high 
recurrence rate, reportedly ranging from 13% to 80% 
based on the performed treatment [7-12]. The malignant 
transformation of KCOTs has also been reported [13]. 
Treatment of KCOTs remains a controversial subject 
[14]. Most cases recur within the first 5 years after 
treatment [15,16]. Many attempts have been made to 
reduce the high recurrence rate of KCOTs by improving 
the operative technique. Advocates of conservative 
treatment suggest that marsupialization yields the results 
comparable to those obtained with more extensive 
surgery [16].
In this present study, 3 cases of keratocystic odontogenic 
tumour that were treated with enucleation followed by 
open packing through an intraoral approach and 2 year 
follow-up period will be presented.

Figure 1. Preoperative panoramic radiograph shows the multilocular lucency 
extending from the neck of condyle to the right canine tooth (Case 1).

Figure 2. Preoperative computed tomography scan axial image 
shows the multilocular lucency extending from the neck of condyle 
to the right canine tooth (Case 1).

CASE DESCRIPTION AND RESULTS

Case 1

A 26 year old female was referred to Selcuk University, 
Faculty of Dentistry, Oral and Maxillofacial Surgery 
Clinic, for the evaluation of swelling and pain located 
at the posterior body and ascending ramus of the right 
mandible.
The patient’s medical history was unremarkable. 
In the clinical examination, there was no facial 
asymmetry. Intraorally, mild swelling was noticed on 
the right mandibular molar area. The overlying mucosa 
appeared normal on colour and texture. There was no 

lympadenopathy.
The patient was evaluated radiographically 
by panoramic radiography and computed 
tomography (CT) imaging. The imaging 
revealed a multilocular lucency extending 
from the neck of the condyle to right 
canine tooth (Figures 1 and 2). All teeth in 
the lesion gave vital response to electric 
pulp testing.
Fine needle aspiration yielded 
yellowish material. Tissue was obtained 
from the lesion and submitted for 
histopathology examination. Microscopic 
examination revealed epithelial lining 
of parakeratinized stratified squamous 
epithelium. The basal layer of the 
epithelium was composed of hyalinised 
fibrous connective tissue. The basal cells 
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Figure 3. Histopathologic view of the lesion shows the basal layer 
of the epithelium composed of hyalinised fibrous connective tissue 
(hematoxylin and eosin stain, original magnification x100) (Case 1).

Figure 4. Computed tomography scan axial image at the end of 2 
year follow-up period shows no signs of the recurrence (Case 1).

Figure 5. Panoramic radiograph at the end of 2 year follow-up period shows no signs 
of the recurrence (Case 1).

were either cuboidal or columnar and the basal cell 
nuclei were hyperchromatic and arranged in a “picket 
fence” configuration. The fibrous connective tissue 
wall contained sparse chronic inflammatory cells which 
were composed of lymphocyte and plasma cells. On 
the basis of these findings, a diagnosis of a KCOT was 
made (Figure 3).
Due to the size of the lesion it was decided to treat it 
with enucleation followed by open packing. Under local 
anaesthesia, an incision extending from the mandibular 
ramus distal to the second molar was carried anteriorly 
around the crevices of the anteriomandibular teeth and 
a full thickness mucoperiosteal flap was raised. The 
cystic cavity was curetted from molar area to the neck 
of the condyle. The resulting cavity was packed with 
iodoform gauze impregnated with bacitracin ointment. 
The packing was replaced during the recall visits 
biweekly for six months following the initial surgery. 
The patient was reviewed radiologically every three 
months during follow-up period. At the end of 2 years 
follow-up period, no evidence of recurrence was noticed 
(Figures 4 and 5).

Case 2

A 14 year old female patient presented with complaint 
of a gradually swelling extending from the right 
maxillary canine to the third molar region. The swelling 
was slightly painful; it was first noticed about 5 
months previously. The patient’s medical history was 
unremarkable. Clinical examination revealed a buccal 
spherical and fluctuant swelling involving the right 
lateral incisor, premolars and first molar region. It was 
surfaced by normal oral mucosa. The maxillary right 
lateral incisor was displaced by the lesion (Figure 6).
Evaluation radiographically by panoramic view and CT 
imaging revealed an expansible lesion extending from 
the primary canine tooth to the third molar 
region and superiorly to the floor of the 
orbit (Figures 7 and 8). The cortex was 
expanded but it was intact and quite thick.
Fine needle aspiration yielded thick 
yellowish “cheesy” material. Biopsy was 
taken from the lesion and was consistent 
with KCOT. Under local anaesthesia, the 
impacted right canine tooth was extracted 
and the lesion was curetted (Figures 9 
and 10). After the operation, the bony 
cavity was packed with iodoform gauze 
impregnated with bacitracin ointment 
which was replaced in recall visits 
biweekly for 6 months following the 
initial surgery. The final histopathological 
examination confirmed the initial 
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Figure 6. Preoperative intraoral view of the lesion shows a buccal 
spherical and fluctuant swelling involving the right lateral incisor, 
premolars and first molar region (Case 2).

Figure 7. Preoperative computed tomography axial scan image shows 
an expansible lesion extending from the primary canine tooth to the 
third molar region and superiorly to the floor of the orbit (Case 2). 

Figure 8. Preoperative panoramic radiograph shows an expansible lesion 
extending from the primary canine tooth to the third molar region and superiorly 
to the floor of the orbit (Case 2).

Figure 9. Postoperative intraoral view of the patient (Case 2). Figure 10. Photograph shows the totally excised lesion (Case 2).

diagnosis of KCOT.
Patient was seen for clinical and radiological 
evaluation regularly after treatment. The 
bony cavity has healed clinically and 
radiographically approximately 16 months 
after treatment (Figures 11 and 12). There 
was no evidence of residual disease on 
radiographic examination at 2 year clinical 
follow-up (Figure 13).

Case 3

A 29 year old man was referred to our clinic 
with a complaint of swelling and pain from 
the mandible. Based on the history obtained 
from the patient, pain and swelling were 
first noticed 3 years ago.He was evaluated 
by his general dentists and then referred for 
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Figure 11. Postoperative intraoral view of the patient shows no 
signs of the recurrence (Case 2).

Figure 12. Computed tomography scan axial image at the end of 
2 year follow-up period shows no signs of the recurrence (Case 2).

Figure 13. Postoperative panoramic radiograph at the end of 2 year follow-up period 
shows no signs of the recurrence (Case 2).

treatment to our department. The radiographic 
examination revealed a lesion involving the entire 
mandible from second molar on the right to second 
molar on the left (Figure 14).
The incisional biopsy obtained by the general 
practitioner revealed presence of a KCOT.
His medical history was unremarkable. Extraoral 
examination revealed that there was a swelling and 
expansion at mandibular basis at both sides of the 
mandibular molar region. Radiologic examination 
revealed that the right mandibular canine tooth was 
impacted at the symphysis region, and there was a 
multilocular radiolucent cystic lesion related to this 
tooth.
A yellow serous liquid or semi-solid content was 
obtained as a fine needle aspiration material, matching 
the typical description of a cystic lesion. Biopsy was 
performed and impacted canine tooth was extracted at 
the same time. Biopsy result was KCOT.
Endodontic treatment was performed for all teeth related 
to a lesion. Enucleation followed by open packing 
treatment was performed. After the operation, the 
resulting bony cavity was packed with iodoform gauze 
impregnated with bacitracin ointment which again was 
changed biweekly for the following six months. There 
was no sign of recurrence at a postoperative 2 years 
period (Figure 15).

DISCUSSION

The KCOT is one of the most aggressive odontogenic 
tumours due to its relatively high recurrence rate, 
its relatively fast growth, and its tendency to invade 
adjacent tissues; it has even been reported to penetrate 
the skull base [13]. Scharfetter et al. [17] demonstrated 

both slowly and rapidly proliferating 
areas in different parts of the KCOT 
epithelium and the connective tissue wall. 
He suggested that the invasive growth 
of KCOT probably resulted from active 
growth of the connective tissue wall. 
Other possible explanations for its high 
recurrence are increased fibrinolytic 
activity in the cyst wall, increased 
mitotic activity epithelial proliferation 
in connective tissue, and residual 
dental lamina with subsequent new cyst 
formation [13]. The bone resorption 
by the cyst is mediated by activation 
of osteoclast-like cells [18] and/or 
biologically active collagenases [19]. 
Several authors have attempted to 
correlate the behavior of KCOT with 
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Figure 14. Preoperative panoramic radiograph shows a lesion involving the entire 
mandible from second molar on the right to second molar on the left (Case 3).

Figure 15. Panoramic radiograph at the end of 2 year follow-up period shows no 
signs of the recurrence (Case 3).

the production of collagenase, prostaglandins, and 
highly  active oxidative enzymes. Piatelli et al. identified 
bcl-2 protein overexpression in odontogenic keratocysts 
and concluded that it could produce an increase in the 
survival of the epithelial cells then, and this increased 
lifespan could, in turn, lead to the peculiar aggressive 
growth pattern of OKC. Moreover the bcl-2 staining 
can be useful to differentiate OKC from other types of 
odontogenic cysts [20]. 
Y. Kubota et al. [21] showed that Interleukin-1α (IL-1α) 
is strongly expressed in odontogenic keratocysts. IL-1α 
may up-regulate matrix metalloproteinase-2 activation 
by increasing the expression of membrane-type 1 
matrix metalloproteinase in the fibroblasts isolated 
from odontogenic keratocysts synergistically with type 
I collagen. Ogata et al. [22] showed that in keratocystic 
odontogenic tumour fibroblasts, IL-1α may stimulate 
COX-2 expression. Andric et al. [23] investigated 
the expression of survivin, an inhibitor of apoptosis, 
in odontogenic keratocysts and compared it to the 
findings in non-neoplastic jaw cysts - periapical cysts, 

they also studied a possible relationship 
between survivin expression and human 
cytomegalovirus presence within these 
cysts. It was found that survivin may 
contribute to the aggressive behavior of 
odontogenic keratocysts, and thus support 
the emerging opinion of their neoplastic 
nature.
However, the most important evidence 
that KCOT is a neoplasm comes from 
genetic studies demonstrating loss of 
heterozygosity of the tumour suppressor 
genes in KCOT cases [24-27]. The 
human homologue of the Drosophila 
segment polarity gene PTCH1 is a 
tumour suppressor gene within the Sonic 
hedgehog pathway. The Sonic hedgehog 
pathway has been shown to function 
in the patterning of limbs, the axial 
skeleton, the central nervous system, 
and tooth development. Mutations in the 
PTCH1 gene have been demonstrated in 
patients with nevoid basal cell carcinoma 
syndrome (NBCCS) 12 as well as sporadic 
neoplasms including the KCOT, basal cell 
carcinoma, and medulloblastoma [28,29].
Grachtchouk et al. [29] showed 
that epithelial expression of the Hh 
transcriptional effector Gli2 is sufficient 
for highly penetrant keratocyst 
development in transgenic mice. Mouse 
and human keratocysts expressed similar 
markers, leading to tooth misalignment, 

bone remodeling, and craniofacial abnormalities. The 
frequent development of keratocysts in Gli2-expressing 
mice supports the idea that GLI transcription factor 
activity mediates pathological responses to deregulated 
Hh signaling in humans. Moreover, Gli2-mediated 
reactivation of quiescent epithelial rests to form 
keratocysts indicates that these cells retain the capacity 
to function as progenitor cells on activation by an 
appropriate developmental signal.
de Vicente et al. [30] in their immunohistochemical 
study found statistically significant differences between 
cyclin D1 expression in odontogenic keratocysts 
and radicular cysts (P = 0.001) and ameloblastomas  
(P = 0.04). The differences in carcinoembryonic 
antigen expression between the four studied lesions 
were statistically significant (P < 0.0005). Proliferating 
cells were significantly more prevalent in odontogenic 
keratocysts (P < 0.0005) with a mean percentage of 
Ki-67 positively stained nuclei of 40%. In dentigerous 
cysts this mean was of 17%, of 15.5% in radicular cysts 
and of 7.8% in ameloblastomas. Some of these findings 
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could support the theory that odontogenic keratocysts 
are neoplastic in origin, but other results clearly support 
that these lesions are developmental cysts with some 
neoplastic properties because of the high intrinsic 
growth potential.
A review of the biological KCOT behavior of this 
recognized aggressive pathological entity of the jaws and 
a contemporary outline of the molecular (growth factors, 
p53, PCNA and Ki-67, bcl-2) and genetic (PTCH, SHH) 
alterations associated with this odontogenic neoplasm, 
provides a better understanding of the mechanisms 
involved in its development and strengthen the current 
concept that the KCOT should, indeed, be regarded 
as a neoplasm. Furthermore, markers known to be 
rapidly induced in response to growth factors, tumour 
promoters, cytokines, bacterial endotoxins, oncogenes, 
hormones and shear stress, such as COX-2, may also 
shed a new light on biological mechanisms involved 
in the development of these benign but sometimes 
aggressive neoplasms of the jaws [31,32]. 
KCOT comprises approximately 11% of the all cysts 
of the jaws [33]. Approximately 65% of KCOTs 
occur in the mandible, with prevalence (73.2%) in the 
mandibular ramus and angle [34-37]. KCOTs usually 
occur in the second and third decades of life with an 
average patient age of 30.8 years [7,8,13]. An KCOT 
usually occurs as a single lesion. Multiple lesions are 
associated with the nevoid basal cell syndrome (Gorlin-
Goltz syndrome); the lesions are also associated 
with younger patients [37]. In approximately 50% of 
patients, the lesion is asymptomatic and was found 
incidentally during routine radiographic examination. 
In others, pain, swelling, expansion, drainage, and bone 
perforation are reported [8,9]. 
On the radiography KCOTs appear as well-defined 
radiolucencies, which can be either unilocular 
or multilocular. Large unilocular KCOTs can be 
indistinguishable from cystic ameloblastoma [38]. The 
lesion’s proximity to the tooth may cause displacement 
and/or root resorption, although displacement (28.3%) 
is more commonly seen than resorption (5%) [39]. 
Conventional radiographic imaging, such as panoramic 
views and intraoral periapical films, in most cases are 
adequate to determine the location and estimate the size 
of KCOT. Advanced imaging techniques like computed 
tomography and magnetic resonance imaging can be 
useful in large cases involving the maxillary sinus and 
the rare cases that extend to the skull base [38].
Microscopically KCOT is characterized by epithelial 
lining of parakeratinized stratified squamous epithelium. 
The basal layer of the epithelium is composed of 
hyalinised fibrous connective tissue. The basal cells are 
either cuboidal or columnar and the basal cell nuclei 
are hyperchromatic and arranged in a “picket fence” 

configuration. Furthermore, it has a corrugated  
parakeratinized luminal layer and a prominent basal cell 
layer [38].
Treatment of KCOTs remains a controversial subject 
[16]. The choice of treatment approach should be 
based on the size of the cyst, recurrence status, and 
radiographic evidence of cortical perforation [40]. 
This is general agreement that complete removal of 
large KCOTs of the mandibular ramus may be difficult 
[41,42]. Radical surgery, comprising resection with 
or without continuity defects, has been advocated for 
larger KCOTs and recurrent lesions. Resection may 
be indicated in the treatment of KCOTs in most cases; 
it completely removes the lesion, and recurrence is 
minimal. Bramley [43] recommended radical surgery 
with resection and bone transplantation. Irvine and 
Bowerman [44] recommended radical enucleation and 
bone grafting for large keratocysts. More aggressive 
treatment - resection or enucleation supplemented with 
Carnoy’s solution with or without peripheral ostectomy 
- results in a lower recurrence rate than enucleation 
alone or marsupialization. Notably, the recurrence rate 
after marsupialization followed by enucleation is not 
significantly higher than that following the so-called 
aggressive modalities [45].
Resection offers a high cure rate, but produces significant 
morbidity such as the loss of jaw continuity or facial 
disfigurement. It should, therefore be reserved only 
for aggressive or recurrent lesions, or for the patients 
who cannot be closely followed-up after conservative 
treatments [46]. On the other hand, radical treatment 
would adversely affect the physcosocial condition of the 
young patient. The young patient would inhibit growth 
potential especially in the first decade of life; therefore 
this condition of the patient represents a difficult decision 
for the surgeon for selecting conservative versus radical 
treatment protocol. Therefore, conservative treatment 
would also be offered in young patients with the view 
of posing low morbidity rate and conserving the most 
teeth adjacent to the lesion.
The one technique used in the treatment of the 
KCOT, as described in the reports of Brondum and 
Jensen [47] and Marker et al. [48], decompression is 
accomplished by opening into a cystic cavity followed 
by placement of a drainage tube to allow the opening 
to persist. The disadvantages of decompression and 
subsequent enucleation treatment - it requires two 
surgical procedures and the treatment time necessary is 
comparatively long. 
Cytokeratin-10 expression by cystic epithelium has 
been shown in the suprabasilar layers of odontogenic 
keratocyts. Cyst decompression and irrigation result 
in the loss of keratinisation [49]. August et al. [49] 
epithelial dedifferentiation and loss of cytokeratin-10 
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production observed in 64% (n = 14) of patients treated 
by the cyst decompression/irrigation after a 9 month 
average treatment time. Otherwise, they mentioned 
that longitudinal follow-up of these patients should 
determine whether this change is associated with 
lower rates of recurrence than alternative KCOT 
therapy. Furthermore, Oka et al. [50] demonstrated that 
there may be a strong relationship among intracystic 
pressure, the expression of IL-1α, and bone resorption: 
positive pressure may play a crucial role in keratocystic 
odontogenic tumour growth via stimulating the 
expression of IL-1 in epithelial cells. 
Currently, a total enucleation, with or without a 
“peripheral ostectomy” presents the most common 
surgical procedures used to treat most of the KCOTs 
[2,51]. Advocates of conservative treatment suggest 
that marsupialization yields the results comparable 
to those obtained with more extensive surgery [16]. 
In the strictest sense, marsupialization implies the 
exteriorization of cyst or an enclosed cavity by 
resecting a portion of its wall and suturing the cut 
edges of remaining wall to adjacent soft tissue, thereby 
creating a pouch. Marsupialization is not a newcomer 
to the armamentarium of possible KCOT treatment, and 
case series have appeared in the literature since early 
descriptions in the 1970s [52-54].
Enucleation of the KCOTs followed by open packing 
has been suggested as another conservative method of 
surgical treatment [16,55]. The current 3 patients were 
treated with enucleation followed by open packing. The 
resulting cavity was irrigated with mixture of normal 
saline and chlorhexidine gluconate for a full-of glass 
and also packed with iodoform gauze impregnated with 
bacitracin ointment to minimize the risk of recurrence 
in each recall visits. Regular recall visits are required to 
ensure cyst involution and the opportunity for appropriate 
treatment should be an evidence of recurrence. The 
benefit of this protocol lies in the minimal surgical 
morbidity. In addition, associated structures such as the 
inferior alveolar nerve and developing teeth are less 
vulnerable to the damage.
Different views on the recommended duration of 
radiologic and clinical follow-up are reported in the 
literature. According to Forssell [56], a 4 year period 
will suffice for the detection of most recurrences. As 
it was stated by the authors, the recurrence rate after 
the treatment of KCOTs is very broad and treatment 
dependent. At the end of 2 year follow-up period, no 
evidence of recurrence was registered in this report. 
Blanas et al. [57] conducted a systematic review of  

literature and evaluated the collective recurrence rates 
reported with various types of the treatment. Forty-five 
cases were treated by marsupialization with a recurrence 
rate of 24.4%. Enucleation alone was associated with 
a 28.7% recurrence [58]. Browne [36] has used three 
different methods of treatment: marsupialization, 
enucleation and primary closure, and enucleation and 
packing-open; he found approximately equal rates 
of recurrence with the three methods of treatment. 
This is in coincidence with Kolokythas et al. [40]: the 
aggressive nature of some KCOTs necessitates equally 
aggressive treatment, whereas long-term follow-up 
even for nonsyndromic patients with the single lesions 
is of paramount importance. Age of the patient and the 
site and histological characteristics of the treated lesions 
are not significantly associated with the incidence of 
recurrence.
Extraction of the teeth affected by the lesion, as well as a 
generous removal of partially eroded bone and overlying 
soft tissues, may contribute to lower recurrence rates. 
Bataineh and Al Qudah [59] advocated that resection 
without continuity, defects as a radical treatment, in 
which the removal of cyst, teeth, and overlying soft 
tissue is followed by packing of the resulting cavity to 
minimize the risk of recurrence. In order to minimizing 
the recurrence, eliminating the retention areas around 
the periapical portion of extracted teeth and the 
eradication of cyst, the teeth were removed during the 
surgical treatment in one case.

CONCLUSIONS

Enucleation followed by open packing can be 
suggested as a choice of conservative treatment with 
low recurrence rate for large keratocystic odontogenic 
tumours. However, due to the clinical behaviour of 
keratocystic odontogenic tumours, in case of possible 
risk of recurrence requirement for further operations 
should not be disregarded. Therefore, the patients should 
have control radiographic and clinical examinations for 
indefinite prognosis regardless of the treatment protocol.
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