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ABSTRACT: The odontogenic keratocyst (OKC) is a benign lesion that arises from dental
lamina remnants or basal cells of the overlying epithelium. In 2005, the World Health
Organization categorized OKCs as tumors due to their aggressive behavior. However,
in 2017 due to the lack of evidence, it was reclassified as an odontogenic cyst with
aggressive behavior. This report describes a clinical case of a 20-year-old male who
visited the dental clinic at the University of Costa Rica for third molar removal. As an
incidental radiographic finding, an intraosseous lesion in the right side of the mandible
was detected. The patient was asymptomatic, with an augmented mass in the right
posterior sulcus and crepitation at palpation. Decompression, enucleation followed
by peripheral ostectomy, and incisional biopsy were performed, and a personalized
and handmade acrylic appliance was fitted into the surgical window until it closed.
No recurrence has been documented after 6 years. The continuous debate regarding
OKC’s classification by the WHO challenges the odontology community to constantly
update its knowledge in the treatment modalities, taking into consideration the
availability of resources and recurrence rates. The aim of this paper is to present the
treatment and long-term follow-up of an OKC management and concomitantly review
its main treatment options.
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INTRODUCTION

Philipsen

RESUMEN: EI queratoquiste odontogénico (OKC, siglas en inglés) es una lesion benigna
derivada de los remanentes de la ldmina dental o de las células basales del epitelio de
revestimiento. En el 2005, la Organizacion Mundial de la Salud (OMS) clasific los OKCs
como tumores debido a su comportamiento agresivo. Sin embargo, en el 2017 por
falta de evidencia, fue reclasificado como un quiste odontogénico con comportamiento
agresivo. Este reporte describe el caso de un hombre de 20 afios que visito la clinica
dental de la Universidad de Costa Rica para la remocion de las terceras molares.
Como un hallazgo incidental radiografico, se detectd una lesion intragsea en el lado
derecho de la mandibula. El paciente era asintomatico con una masa aumentada en
el reborde alveolar posterior derecho con crepitaciones a la palpacion. Se realizo
descompresion, enucleacion seguidas por osteotomia periférica y una biopsia
incisional; ademas, un dispositivo de acrilico personalizado y hecho a mano se ajusto
en la ventana quirtrgica hasta que se logro un cierre. No hay recidiva documentada
después de 6 anos. El continuo debate de la clasificacion del OKC por la OMS reta a
la comunidad odontoldgica a una constante actualizacion sobre el conocimiento de las
modalidades de tratamiento, tomando en cuenta la disponibilidad de recursos y las
tasas de recidiva. El objetivo de este articulo es presentar el tratamiento y seguimiento
de un OKC y concomitantemente revisar las principales opciones de tratamiento.

PALABRAS CLAVE: Reporte de caso; Descompresion; Manejo; Queratoquiste
odontogénico; Osteotomia; Recidiva; Tratamiento.

OKCs are characterized as asymptomatic,
slowly growing cysts with a high recurrence rate,

introduced the odontogenic aggressive clinical behavior, and association with

keratocyst (OKC) in 1956 (1). The OKC is a benign
but aggressive intraosseous lesion that arises
from dental lamina remnants or basal cells of the
overlying epithelium. OKCs account for 8-11%
of odontogenic cysts in patients over a wide age
range, especially in males between the second and
third decade (1,2). In addition, cysts are lined by
parakeratinized or orthokeratinized epithelium, the
second exhibiting a lower recurrence incidence
(3). In contrast, the parakeratinized OKCs appear
more aggressive (4). However, in the 4th edition
of the World Health Organization (WHQ) Classi-
fication of Head and Neck Tumors- Odontogenic
and Maxillofacial Bone Tumors published in 2017,
the orthokeratinized odontogenic cyst (00C) was
recognized as an odontogenic cyst distinct from
OKCs (5).

the nevoid basal cell carcinoma syndrome (NBCCS)
(2,6). These lesions can occur in a sporadic or
solitary fashion or as part of the NBCCS. Among
its clinical features, the expansion of the buccal
and lingual cortical plates and the involvement of
the inferior alveolar nerve occur late (3,4). Usually,
OKCs are detected only by incidental radiographic
findings but can be shown as symptomatic, with
swelling and intra-oral drainage as common indica-
tors. In addition, OKCs show an apparent predilec-
tion for the posterior body of the mandible and
the ramus, although they can be diagnosed in any
part of the jaw. Radiographically, they are descri-
bed as unilocular or multilocular radiolucency
with uniform sclerotic borders, associated or not
with an unerupted tooth. Nonetheless, definitive
diagnosis relies on histological examination (1,2).
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In 2005, the WHO reclassified the OKC as
a keratocystic odontogenic tumor (KCOT) due
to their aggressive growth, recurrence rate, the
rare occurrence of a "solid" variant of OKC, and
mutations in the PTCH, CDKN2A, MCC, CADMI,
FHIT, Ki-67 and p53 genes, which are commonly
neoplasia-associated immunohistochemical markers.
Since the PTCH mutations cause the NBCCS, it is
predictable that the OKCs described in patients
with this syndrome also show the mutation.
NBCCS, known as Gorlin-Goltz or Gorlin syndrome,
iS a multisystem disease with high penetrance
in an autosomal dominant fashion and variable
expressivity (2-5).

However, in the WHO's 2017 classification,
the KCOT was moved back to the cyst category
and renamed OKC. This decision was made based
on the current lack of evidence that classified the
OKCs as neoplastic. In the fifth current classifica-
tion, made in 2022, OKCs remain as cysts. Despite
that, the debate continues (5,6). This case report
and narrative review aim to present the treatment
and long-term follow-up of an OKC and concomi-
tantly review its main treatment options.

CASE REPORT

This literature review and case report was
conducted following the Case Report Guidelines
(CARE) (7) and carried out through a strategic
search via MEDLINE (PubMed) electronic database
and a hand search carried out from inception to
January 2023 using the participants, interventions,
comparator, and study design (PICOS) approach.
The search strategy was devised as (P): patients
with OKC, (I): decompression/marsupialization of
OKC, (C): other surgical treatments of OKC, (0):
recurrence rate, (S): guidelines, observational
studies, randomized controlled trials, non-rando-
mized controlled trials, systematic reviews, and
meta-analysis from 1995-2023 with no language

restrictions. Since this is a literature review and
not a systematic review, there was no selection,
elimination, and final inclusion of the studies as
PRISMA guidelines suggest.

In 2016, a 20-year-old male with no hereditary
or systemic medical conditions of relevance (ASA )
came to the Faculty of Dentistry of the University
of Costa Rica with a chief complaint of third molar
(3M) removal. An orthopantomography (OPG) was
obtained as the protocol for the surgical procedure.
After the OPG was taken, a clinical facial exam was
made with no pathological findings. During the
intraoral exam, an augmented mass at the right
posterior sulcus and its ipsilateral retromolar area
was encountered, with crepitation at palpation
and no other mucosal alterations. The patient was
asymptomatic and presented pulp vitality of mandi-
bular second and first right molars. The mandibular
right third molar was not clinically visible.

During the OPG analysis, a radiolucent lesion
associated with unerupted tooth 4.8 was detected
as an incidental finding. It was on the right side of
the mandible, involving the body, angle, and part of
the ascending ramus. The lesion exhibited an oval
shape and well-defined corticated borders. Effects
in the surrounding structures included expansion
of the anterior border of the ascending ramus and
displacement of the right inferior alveolar nerve
canal in an inferior direction (Figure 1). For further
evaluation, a CBCT scan was performed.
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Figure 1. Initial orthopantomography.
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The CBCT image showed the transverse
position of unerupted tooth 4.8, with the crown
facing the lingual cortical plate. The dimensions
of the lesion were assessed, showing a width of
45.59mm, a height of 18.82mm, and a thickness
of 12.44mm. The 3D evaluation also evidenced
discreet expansion and thinning of the lingual
cortical plate of the mandible and loss of the
lamina dura in both roots of tooth 4.7. The lesion
was in direct contact with the mandibular canal,
causing erosion of its upper cortex (Figure 2).

Figure 2. Initial CBCT.

Given the lesion’s shape, which grew along
the internal aspect of the bone with a scarce
expansion of the lingual cortical plate, the radio-
logical diagnosis considered was OKC (Figure 3).

Figure 3. Tangential and axial CBCT views of the lesion, with its
measurements.

A thorough explanation of the possible
diagnoses was presented to the patient, which
included the following: 1. Odontogenic keratocyst,
2. Unicystic ameloblastoma, 3. Dentigerous cyst.
Decompression with enucleation and ostectomy of
the lesion cavity and excisional biopsy under local
anesthesia were recommended for initial manage-
ment due to the size of the lesion (<5cm). Subse-
quently, an informed consent was signed by the
patient, and a mucoperiosteal 3cm oval window
over the retromolar mucosa was elevated. The
cyst’s overlying bone was removed with a #10
round tungsten carbide burr. A cyst sample was
obtained from within the pathological cavity, and
the lining was then identified and sutured to the oral
mucosa, as described by Pogrel & Jordan, 2004 (8).
As a surgical finding, 1.5-2ml of a whitish exudate
was obtained. A continuous mattress suture was
performed within the limits of the window created
to prevent first intention healing of its mucosa. A
personalized and handmade acrylic appliance was
fitted into the window in a divergent manner, thus
preventing mechanical retention of the device and
facilitating its removal for hygienic purposes.

The biopsy sample was carried out to the
pathologist, where it was found a cystic formation,
whose wall was made up of dense fibro-connective
tissue, with foci of acute and chronic inflammation
which focally extended to the squamous epithelium
covering the cyst. This squamous epithelium had
3 to 7 cell layers. Cells in the basal layer exhibi-
ted a palisade arrangement, and there was kerati-
nization on the surface of the epithelium, with
parakeratosis. In some areas the epithelium was
detached from the connective tissue of the wall,
no cytological atypia was observed in any area
of the epithelium. There were reactive changes
associated with an inflammatory process. The
histopathological picture signs were compatible
with an odontogenic keratocyst. No satellite cysts
were observed in the connective tissue (Figure 4).
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Once the definitive diagnosis was establis-
hed, the patient was instructed to remove the
acrylic appliance and rinse the pathological
cavity using a needleless syringe with chlorhexi-
dine 0,12%. A sequence of appointments was
scheduled weekly and monthly for proper clinical
follow-ups, an OPG was taken four months posto-
peratively. The acrylic device was reshaped in each
appointment as the pathological cavity shrunk, and
the window was almost closed six months after the
initial surgical approach.

The post-surgical OPG showed the absence
of tooth 4.8, loss of the cortical borders of the
lesion, and partial bone repair, with bone showing
sparse trabeculation (Figure 5).

Figure 5. 4-month post-surgical OPG.

In the follow-up, CBCT image signs of bone
repair were observed, including loss of the corti-
cated borders, bone filling from the periphery
towards the center of the defect, with frosted glass
appearance. In addition, restitution of the lamina
dura in tooth 4.7 was also noticed (Figure 6).

Figure 6. 4-month follow-up CBCT.

discontinued
follow-up after 6 months but was successfully
contacted six years later. After six years of initial
surgical approach, the patient came back for a
follow-up appointment. CBCT and OPG were taken.
Clinically extraoral and intraoral exams did not
show any pathological findings.

Unfortunately, the patient

In the OPG, a complete bone repair of the
defect is appreciated. The anatomical cortex
corresponding to the oblique ridge was reestablis-
hed (Figure 7).

Figure 7. Six years postoperative OPG.
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CBCT scan six years following the procedure
showed a regular trabecular pattern in the area
and restitution of the upper cortex of the inferior
alveolar nerve canal in most of its length. No signs
of recurrence were detected (Figure 8).

Figure 8. Six years postoperative CBCT.

DISCUSSION

The OKCs have been well characterized
histologically by a thin, uniform lining of parake-
ratinized stratified squamous epithelium with a
fibrous capsule. In 1981, Wright identified an
orthokeratinized variant. In the first two editions of
the WHO, this modification of OKCs was conside-
red part of the same cyst. In 2005, with the reclas-
sification in the 3rd edition of the WHO as KCOT,
the orthokeratinized version was excluded, even
though it was not classified as a different lesion.
By the 4th edition, the 00C was introduced as a
new jaw cyst (2,6,9).

The 0O0C is formed by a fibrous capsule
lined by a uniform epithelium 4 to 8 cell layers
deep, covered by a thick layer of orthokeratin,
with a basal layer that tends to be of cuboidal or

flattened cells but not palisaded and hyperchro-
matic. Meanwhile, the OKC is lined by a parake-
ratin epithelium with a basal layer formed by
columnar or cuboidal cells. In contradistinction
to OKCs, O0Cs are not reported to have aggres-
sive behavior; it is also not associated with the
NBCCS and does not have a significant recurrence
rate (5,10). For instance, in a systematic review
submitted by MacDonald-Jankowski, 2010 (9), the
comparison of recurrence rates was up to 28% in
the OKC vs. 4% in the 0O0C.

Numerous characteristics make OKCs parti-
cular from the rest of jaw cysts, such as its well-
documented aggressive behavior. Various gene
mutations and neoplasia-associated immunohis-
tochemical markers are expressed in OKCs, but
there are distinct differences in the proliferative
activity that suggests an alteration of the cell’s
cycle control. OKCs have an epithelial lining with
intrinsic growth potential and a marked tendency
to recurrence. A p53 gene mutation is identified
in most of the basal cells of OKCs. It may be one
of the causes of cell proliferation that potentia-
lly influences the biological features of the cyst’s
epithelium. Along this line, the expression of proli-
ferating cell nuclear antigen (PCNA) in OKC’s basal
and parabasal cells indicates that the p53-positive
cells are actively dividing. Ki67 is also a prolifera-
ting cell marker. Its high expression in OKCs epithe-
lium, and the correlation with PCNA reinforce the
concept that these markers are expressed more
strongly in OKCs than in other odontogenic cysts
(11-13).

A significant characteristic is the lack of
bony expansion in its initial phases. OKCs enlarge
in the cancellous bone to a considerable size
before any significant buccal or lingual expansion,
growing in an anteroposterior direction, particularly
at the angle of the mandible and ascending ramus.
OKCs tend to hollow out the mandible, thereby
replacing the bone marrow, rather than giving rise
to the periosteal bone formation that would alert
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patients and clinicians with bone swelling. Donoff
et al. in 1972 demonstrated collagenase activity in
keratocyst epithelium which appears to relate to
the ability of OKCs to grow expansively within the
medullary spaces of the bone (14-16). Shear, 2002
(17) supports the collagenolytic activity in OKCs
and its influence on the expansion of cysts within
the bone. Since keratinocytes had been shown to
synthesize interleukin 1 (IL-1) and interleukin 6
(IL-6), OKCs release these cytokines in its epithe-
lium and have potent bone resorbing properties;
additionally, it was proposed that the expression of
Interleukin 1a (IL-1a) was the principal osteolytic
cytokine produced by OKCs leading to bone resorp-
tion. Likewise, the expression of the parathyroid
hormone-related protein (PTHrP) might modulate
growth and bone resorption in odontogenic cysts.

On the other hand, metalloproteins (MMPs)
are related to participating in physiological tissue
remodeling and pathological tissue destruction.
While investigating the activation/inhibition profi-
les of MMPs, MMP-1 and MMP-9 were repor-
ted to be present in jaw cysts tissue extracts in
latent and activated forms. Due to the presence of
IL-1a secreted from keratocyst epithelial cells, the
total activity ratio of MMP-9 (83-kDa MMP-9 and
92-kDa MMP) was significantly higher in OKCs
fluids than in other cysts fluids, demonstrating
that the IL-1a-dependent mechanism is involved
in the cyst expansion and reinforcing the collage-
nolytic activity in OKCs via interaction with MMP-9
(17,18).

Furthermore, OKCs present remarkable
recurrence rates from as low as 2.5% to as high as
62.5%, with most recurrences presenting within
five years of treatment. Myoung et al., 2001 also
reported the frequency of recurrence after surgical
intervention to vary from 2.5% to 62.5%, sugges-

ting that OKCs have shown higher recurrence rates
depending on the chosen course of treatment
(19-21).

The exact mechanism of this high recurrence
remains unclear. However, there have been several
attempts to explain its aggressive behavior and
reappearance. For instance, OKCs can be corre-
lated with the production of collagenase, prosta-
glandins, and highly active oxidative enzymes.
Additionally, there have been demonstrated proli-
ferating areas in different parts of the OKC epithe-
lium and of the connective tissue wall suggesting
that it probably resulted from the active growth of
this wall. Other possible explanations are increa-
sed fibrinolytic activity in the cyst wall, increased
mitotic activity, epithelial proliferation in connec-
tive tissue, and residual dental lamina with subse-
quent new cyst formation (21). Along with this
theory, Pogrel, 2013 (3) presents three possible
reasons for OKCs recurrence rate, the thin lining,
which is friable and portions are easily left behind;
daughter cysts occurring beyond the visible margin
of the lesion; and some OKCs may originate from
the oral mucosa and daughter cysts are seen
between the oral mucosa and the cyst itself.

Daughter or satellite cysts are detached
microcysts budding the basal layer into the
underlying connective tissue. Daughter cysts are
found beyond the cyst’s lining and between the
cyst and the alveolar mucosa (3,22). Pavelic,
2014 (14) selected 443 cases diagnosed as OKC,
in which 88 (20.09%) cases presented satellite
cysts. Since these microcysts are not found in
other jaw cysts, they become a specific histologi-
cal feature of these lesions. There is no consensus
if daughter cysts may result in higher recurrence,
while Myoung et al., 2001 (21) showed that one or
more daughter cysts have a statistically significant
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higher recurrence rate; studies like Ahfors et al.,
1984 suggest that there is no correlation. Moreo-
ver, Browne and Miller, 1969 reported a similar
recurrence rate following the removal of OKCs with
or without satellite cysts (23,24).

CLINICAL PRESENTATION OF
ODONTOGENIC KERATOCYSTS

Due to the tendency of OKCs to extend into
the medullary cavity of the bone, these cysts are
mainly discovered incidentally during the review
of routine dental radiographs. Patients are most
presented as painless and remain asymptomatic
until the maxillary sinus or the entire ascending
ramus, including condylar and coronoid processes,
are compromised. Even very large OKCs may still
be symptomless, despite showing significant invol-
vement of cortical bone and surrounding structu-
res. However, pain, swelling, and discharge may
be associated with OKCs (16,19,25). Stoelinga,
2001, in his study of 82 patients, reported 31
asymptomatic cases and 51 cases with swelling
or inflammation (17 and 34, respectively). Though
Morgan et al., 2005 have reported 50% to 67%
of OKCs to be symptomatic at the time of diagno-
sis, suggesting that when symptomatic, OKCs are
larger, more destructive, and more challenging to
treat (14,260).

NEVOID BASAL CELL CARCINOMA SYNDROME

The NBCCS is a rare autosomal dominant
disorder with a prevalence of 1in 57000-164000,
it is a condition of high penetrance and variable
expressivity. The syndrome is characterized by
cutaneous, dentofacial, skeletal, ophthalmologic,
and neurological anomalies. OKCs are one of the
most consistent features of NBCCS, occurring in
65%-75% of cases, and may be presented as the
first sign of NBCCS, arising earlier and with more
recurrence rate than non-syndromic patients.
Therefore, clinicians should consider NBCCS in all

cases of OKCs, especially multiple OKCs coinci-
ding or one after the other (19,23,27,28).

RADIOGRAPHICAL FEATURES OF
ODONTOGENIC KERATOCYSTS

The radiographic aspects of OKCs are not
pathognomonic and can be like other odontogenic
cysts and tumors. Nevertheless, OKCs present a
well-defined radiolucent lesion with smooth and
usually corticated margins. Likewise, it appears
as a multilocular or unilocular radiolucency with
a scalloped contour that can occupy a significant
part of the jaw without appreciable cortical expan-
sion. Maxillary lesions involve adjacent structu-
res more frequently than mandibular cysts, even
though OKCs are most common in the mandibular
molar-ramus region (15,19,29).

Regarding the effects of the OKC in surroun-
ding structures, a systematic review described
buccolingual expansion in 61% of the cases,
association with an unerupted tooth in 35%, and
root resorption in 23%. The radiographic features
of the surgical site after the removal of benign
lesions have been studied in 2D and 3D images
(30,31). The radiographic findings expected in
follow-up images include changes in the surgical
site’s periphery and interior. The cortical border of
the lesion shows a progressive decrease in width
and clarity and finally disappears over the months.
In the surgical site’s interior, bone formation in the
periphery is expected, first with a ground glass
appearance, followed by a spicular pattern. Finally,
regeneration of the surgical site with normal bone
trabeculae should be seen. The distance from the
lesion site and the adjacent structures, like teeth
or the mandibular canal, can also be assessed.
This distance is expected to increase as healing
advances. The integrity of the cortical bone in
the surrounding areas should also be conside-
red. A progressive remodeling of these anatomic
cortices is expected. Kawai et al., 1995 recom-
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mends performing the first follow-up radiographic
examination four months after surgery to verify
proper bone healing; thus, this follow-up period
was selected in this case report. The radiographic
signs of bone healing described in the literature
were confirmed in the follow-up OPG and CBCT
images of this case report, indicating a positive
outcome of the treatment (30-32).

TREATMENT MODALITIES/ STRATEGIES

The treatment of OKCs remains contro-
versial as WHO debate regarding the lesion’s
classification stays open (6,26). Consequently,
there has yet to be a consensus concerning the
best management of OKCs. The surgical approa-
ches range from conservative to more aggressive
treatments. Conservative treatment is “cyst-orien-
ted” and consists of enucleation, with or without
curettage, marsupialization, and decompression.
Alternatively, aggressive treatment addresses the
“neoplastic nature” that OKCs tend to express and
includes peripheral ostectomy, resection, chemical
curettage with Carnoy’s solution, or liquid nitrogen.
Treatment choice should rely upon various factors,
including patient age, size, cyst location, soft tissue
involvement, and previous treatment history. The
goal is to choose the treatment modality with the
lowest possible risk of recurrence and the least
morbidity while eradicating the lesion (33-35).

ENUCLEATION

To enucleate means to remove whole or
clean; it consists of completely removing OKC
from the bone cavity without leaving any visible
remnants of the lesion (34). The primary advanta-
ges of enucleation are the complete removal of the
cyst and a thorough histopathologic examination of
the lesion. However, this treatment modality alone
presents the highest rates of recurrence (as high
as 62.5%) and is no longer an acceptable course
of treatment (34,36,37). Pogrel, 2013 described a
rate from 25% to 60% following simple enuclea-

tion. Along these high rates, Morgan et al., 2005
observed a recurrence of 54.5%. Nonetheless,
Zhao et al., in a 2012, study found a recurrence
rate of 7.4% by enucleation alone done in 257
patients; the same author observed in a 2002
study a rate of 17.79% following enucleation alone
in 163 OKCs (3,24,26,37).

Additionally, it may compromise the vitality
of adjacent anatomic structures. The complete
eradication of the lesion is necessary to decrease
or eliminate recurrences, so OKCs’ friable and thin
lining is easily fragmented during excision. Moreo-
ver, satellite cysts may be left beyond the enuclea-
ted cysts in the overlying mucosa adjacent to the
cyst, especially in multilocular lesions (34,36,37).

ENUCLEATION AND CURETTAGE (E&C)

Curettage is the surgical scraping of the
wall of a cavity within the soft tissue or bone to
remove its contents. Enucleation associated with
curettage is a conservative and effective option
with low morbidity, although it results in a high
recurrence rate. For example, Dashow et al., 2015
refer to simple enucleation and curettage exclu-
ding Carnoy’s Solution (CS) with 27.8% and 30.8%
recurrence rates. Maurette et al.,2006 reported a
20% of recurrence, while Chirapathomsakul et al.,
2006 described recurrence in both OKCs treated
with E&C. This strategy has the advantage over
marsupialization of providing a complete specimen
for histopathologic analysis, and it might be consi-
dered the minimal requirement to treat an OKC.
Nevertheless, this modality may present difficulties
in the procedure due to the thin lining to adjacent
bone or soft tissue that may result in an incom-
plete enucleation of the lesion (15,29,36,38-40).

MARSUPIALIZATION AND DECOMPRESSION
Decompression involves any technique

that relieves the pressure within the cyst that
causes it to grow. It can be performed by making
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a small opening in the cyst and keeping it open
with a drain. However, marsupialization consists of
opening the cyst to the oral cavity and suturing the
cyst lining to the oral mucosa, creating a perma-
nent opening into the cyst; therefore, the lesion is
decompressed and decreased in size as new bone
is laid around it (3,41). Every marsupialization is a
decompression; nonetheless, it is not the contrary.

Marsupialization is carried out by decom-
pressing a cyst and drawing off the fluid with
a syringe and needle, then creating a surgical
window in the oral mucosa and cyst membrane
and using a cylindrical device or a rigid surgical
drain to prevent mucosa closure, converting the
cyst into a pouch (8,29). As a result, marsupiali-
zation reduces the cystic volume and lessens the
chance of injury to critical anatomical structures
like the inferior dental nerve. In addition, it appears
that OKCs may respond more rapidly and predic-
tably to marsupialization and decompression than
other odontogenic cysts due to the reduction of the
positive intracystic pressure and its association
with inhibiting IL-1a expression. It also decreases
epithelial cell proliferation, essential in regulating
the OKC’s growth, and thickens the cystic wall
after the procedure. Meanwhile, reducing the size
of the cystic cavity promotes new bone formation
in a centripetal direction (8,42,43).

Possible disadvantages of marsupialization
and decompression are that the time necessary for
the treatment is long, and it may take much work
to obtain a representative biopsy through the small
opening. Along these aspects, both treatments
require the patient’s cooperation to irrigate the
cyst regularly, limiting the treatment to only a
suitable group of patients (8,37).

Pogrel 2013, reported a 5% recurrence rate
after using marsupialization for complete resolu-
tion. In comparison, Dashow et al., 2015 reported
marsupialization alone at a rate of 18.2%, Chira-
pathomsakul et al., 2006 described a 16.7% rate,

and Madras & Lapointe, 2008 stated a 0% rate.
(3,15,35,38).

DECOMPRESSION WITH ENUCLEATION

Decompression followed by enucleation can
reduce the high recurrence rates after a certain
period. Zhao et al., 2002 in a retrospective analy-
sis of 255 patients, treated 11 cases with this
technique and found a 0% recurrence vs. 17,79%
(29 out of 163 cases) of recurrence with enuclea-
tion alone. However, Cunha et al., 2017 reported
a 21.4% of recurrence rate, and Kolokythas et al.,
2007 described a rate of 14.3%. This strategy is
advantageous in cases of large cysts, reduced
OKCs small enough to be eradicated, and cases
where the cyst size has not decreased signifi-
cantly. Decompression with enucleation reduces
the complications associated with enucleation
alone when the procedure is done after a notorious
reduction in the cystic lumen. After the decompres-
sion treatment, the epithelial cyst lining undergoes
metaplasia, becomes thicker, and may resemble
normal oral mucosa, allowing the cyst enucleation
to be a safer intervention (33,34,37,44-46).

CARNOY'S SOLUTION

CS was first described in 1933; it is a
fixative solution that kills vital OKC daughter cells,
epithelial islands, and cell remaining in the cyst
cavity at the lesion periphery. This solution conta-
ins ethanol, chloroform, glacial acetic acid, and
ferric chloride. The U.S Food and Drug Adminis-
tration (FDA) banned CS in 2013 due to the
chloroform contained in it, labeled as “reasona-
bly anticipated to be a human carcinogen,” which
led to substitute CS to a non-chloroform version:
modified Carnoy’s solution (MC). Dashow et al.,
2015 compared the recurrence rates between
E&C followed by CS (10%) vs. E&C followed by MC
(35%) in a retrospective cohort study and found
that OKCs are nearly seven times more likely to
recur when treated with MC. Nonetheless, in a

ODOVTOS-Int. J. Dent. Sc. | Clinical Issue, 2023 I ISSN: 2215-3411. 214



-Pereira et al: Odontogenic Keratocyst Treatment Modalities. A Narrative Review and Case Report

retrospective cohort study, Donnelly et al., 2021
found no significant difference in recurrence for
OKCs based on a treatment by CS or MC after E&C
and peripheral ostectomy, along with the diffe-
rent treatment modalities followed by CS, Morgan
et al.,, 2005 and Chirapathomsakul et al., 2006
described enucleation alone with CS at recurrence
rates of 50% and 20%, respectively. Morgan et
al., 2005 reported no recurrences after performing
peripheral ostectomy with CS (15,26,38,47,48).
CS is an aggressive treatment due to the possi-
bility of causing irreversible neurotoxicity, toxicity
to the adjacent soft tissue, skin, and dental folli-
cles, irreversible damage to the superficial and
devitalized osseous margin, and no possibility of
immediate bone grafting. In addition, CS chemica-
Ily fixes the inferior or lingual nerves if it comes in
contact with them for up to 2 minutes; therefore,
the nerves must be protected (3,34).

LIQUID NITROGEN CRYOTHERAPY

Theoretically, the ideal treatment for the
OKC would be E&C followed by treatment of the
cavity with an agent that would kill the epithelial
remnants or satellite cysts. However, the osseous
framework should be left intact to allow osteocon-
duction. Accordingly, liquid nitrogen can produce
cellular necrosis in the bone while maintaining
the inorganic osseous framework (34,49). Cell
death with cryosurgical agents (liquid nitrogen)
occurs by direct damage from intracellular and
extracellular ice crystal formation plus osmotic
and electrolyte disturbance by exposing the cyst
cavity to temperatures below -20°C (36,48). The
technique involves enucleation of the lesion, soft
tissue protection with wooden tongue blades and
dry gauze, and treating the cyst cavity with liquid
nitrogen (3).

Moreover, the potential lack of precision
with cryotherapy can injure hard and soft tissue
(thermal trauma) and lead to pathological fractu-

res by exposing of the bone to the freezing agent,
as it penetrates at least 1.5mm around the cavity
(3,34). Furthermore, the bone undergoes a signifi-
cant reduction in mechanical strength eight weeks
after cryotherapy; it is advisable to maintain a soft
diet to avoid future complications. Cryotherapy
can cause neurosensory changes if in contact with
nerve structures. However, it has been shown that
the neuron degenerates, but the axon sheath is
intact, and nerve regeneration is good. Evidence
shows that simple enucleation followed by liquid
nitrogen cryotherapy may reduce the recurrence
rate to 9% (3,41,48,49).

PERIPHERAL OSTECTOMY

This treatment modality is often combined
with other strategies. For example, enucleation
with peripheral ostectomy tries to solve the high
recurrence rate of enucleation alone by removing
1 to 2mm of bone beyond the visible margin.
Peripheral ostectomy is a mechanical method of
removing remnant cells whereby the bony cavity
is stained with methylene blue or crystal violet to
reveal the remnant cells of the OKC (3,48). Then,
the peripheral bone is reduced with a powered
handpiece. Likewise, using CS in combination with
peripheral ostectomy is another technique that
may increase its safety margins and compensate
for its deficiency when lesions are near soft tissue
and between dental roots (26,50).

On the other hand, marsupialization or
decompression of large cysts that have not perfo-
rated the cortical bone, followed by peripheral
ostectomy with or without chemical treatment, has
achieved reasonable success. For example, Morgan
et al., 2005 found that treatment of an OKC with
peripheral ostectomy was associated with a low
recurrence rate of 18.2%. Additionally, Kolokythas
et al., 2007 observed no recurrence combining
patients treated by enucleation associated with
peripheral ostectomy (26,33).
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RESECTION

The reclassification of OKCs as an odonto-
genic cyst reinforces the choice of conservative
treatments, but resection was a more prominent
treatment strategy when it was considered a
tumor. The bloc resection is indicated in cases of
multiple recurrences or aggressive cysts; however,
the morbidity associated, such as the loss of jaw
continuity or facial disfigurement, makes surgeons
choose more conservative strategies. Even though
it offers the highest cure rate and 0% of recurrence
rate, the question is whether the invasive nature
of resection and reconstruction of the mandible or
maxilla is acceptable given the benign nature of the
lesion and the low recurrence rates associated with
less invasive procedures (33-35,37,39,44,46,50).

A summary of OKC's recurrence rates accor-
ding to different treatment options was made. The
description and association of each treatment

modality with its respective recurrence was taken
as the including criteria (Table 1).

The treatment strategy used in this case
report was based on the stated recurrence rates
and the availability of resources in the Faculty of
Dentistry of the University of Costa Rica. The chosen
treatment was decompression with enucleation
followed by peripheral ostectomy; according to
the evidence gathered, when decompression and
enucleation are implemented simultaneously, the
complications of the treatments alone significantly
decrease. Adding an adjunctive therapy, such as
peripheral ostectomy, along with this modality,
improves the possibilities of a recurrence-free
recovery. To this date, 6 years after the initial inter-
vention, there are no clinical or radiological signs
of recurrence. Clinical and radiological follow-up
is advised for at least the first five years after the
procedure due to the risk of recurrence of OKCs
before this period.
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Table I. Summary of recurrence rates according to the treatment strategies of OKCs in the papers of
this narrative review.

Authors n Treatment Modality Recurrence
rate (%)
Boffano et al. (2) 120 Enucleation 24

204 Enucleation and curettage/peripheral ostectomy

38 Enucleation and CS
12 Marsupialization
7 Decompression with residual cystectomy 43
n=415 3 Decompression without residual cystectomy 66
5 Marginal resection
3 Segmental resection
9 Marsupialization & enucleation 22
11 Marsupialization & enucleation and curettage/peripheral ostectomy 9
2 Marsupialization & enucleation and CS 50
1 Marsupialization & marginal resection 0
Stoelinga (14) 33 Enucleation 18
6 Enucleation & excision of mucosa 0
n=82 38 Enucleation, excision of mucosa & CS 7.8
5 Enucleation & CS 0
Chirapathomsakul et al. (15) 6 Marsupialization 16.7
15 Enucleation 13.3
n= 35 5 Enucleation with CS 20
2 Enucleation and curettage 100
1 Marginal Resection 0
6 Segmental Resection 16.7
Zhao et al. (24) n=257 Enucleation 7.4
Fidele ef al. (25) 274 Enucleation 17.52
n=351 53 Marsupialization & enucleation 7.5
24 Resection 417
Morgan et al. (26) 11 Enucleation 54.5
2 Enucleation with CS 50
n=40 11 Peripheral ostectomy 18.2
13 Peripheral ostectomy with CS 0
3 Resection 0
Maurette ef al. (29) n=30 20 Decompression and curettage 10
10 Enucleation and curettage 20
Kolokythas et al. (33) 3 Resection 0
8 Enucleation with peripheral ostectomy 0
n=21 3 Decompression 33.3
7 Decompression with enucleation 14.3
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Authors n Treatment Modality Recurrence
rate (%)
Madras & Lapointe (35) 2 Resection 0
n=21 3 Marsupialization 0
16 Curettage 31.25
Zhao et al. (37) 163  Enucleation 17.79
n=255 29 CS with enucleation 6.7
11 Decompression with enucleation 0
52 Resection 0
Dashow et al. (38) n= 80 44 Enucleation and curettage with CS 10
36 Enucleation and curettage with MS 35
Pogrel (41) n=20 Marsupialization/decompression 5
Cunha et al. (46) n=24 10 Enucleation with peripheral ostectomy 50
18 Decompression with enucleation 21.4
Donnelly et al. (47) n=177 36 Enucleation and curettage, peripheral ostectomy and CS 14.29
41 Enucleation and curettage, peripheral ostectomy and MC 14.6
Motaleb ef al. (48) 31 Enucleation 12
n=56 Enucleation & CS 0
Enucleation & mechanical debridement 0
Enucleation & cryotherapy 0
2

11 Decompression

4 Decompression & CS

Schmidt & Pogrel (49) n=26

Enucleation with cryotherapy

11.5

CS=Carnoy’s solution; MS=Modified Carnoy’s solution; n=number of OKCs.

CONCLUSION

An exhaustive assessment of the papers
covered in this case report and narrative review was
made, aiming to create a summary of recurrence
rates according to the treatment strategies of OKCs.
The recurrence rates vary for each treatment. For
instance, enucleation presented recurrences as
low as 7.4% and as high as 54%, but when used
with other adjunctive therapies, the recurrences
differed from 0% to 100%. Marsupialization and
decompression alone varied from 0% to 33.3%,
and when used with another strategy, the rates
were reported from 0% to 66%, depending on the
chosen adjunctive therapy. Peripheral ostectomy
alone was not commonly used; however, it only
presented a recurrence rate of 18.2%, and when

used in addition to other treatments, the rates
were from 0% to 50%. Carnoy’s solution and liquid
nitrogen cryotherapy are used with different main
treatments; usually, they accompany enucleation
and marsupialization. CS varies from 0% to 50%,
and liquid nitrogen cryotherapy goes from 0% to
19.5%. Resection presented 0% except for one
case where the segmental resection recurred,
representing 16.7% in its corresponding study.

This case presented the incidental finding
of a mandibular OKC of considerable size and its
successful management by decompression with
enucleation and peripheral osteotomy. Six years
of follow-up showed no recurrence of the lesion.
The imaging modalities used were necessary, not
only for the initial detection of a mandibular lesion
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but for the thorough follow-up of the treatment,
however the anatomopathological study is the only
definitive diagnostic method for odontogenic cysts
and tumors (6).

The multiple reclassifications that the OKC
has undergone by the WHO should be taken with
caution. It challenges the odontology community to
constantly review the treatment modalities endor-
sed by up-to-date scientific evidence.
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