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Keratocystic odontogenic tumor (KCOT) is one of the benign developmental odontogenic cystic lesions 
arising from impacted teeth.  In comparison to other odontogenic cysts, such as radicular cysts and 
dentigerous cysts, KCOT is known to be more aggressive and is associated with a relatively high 
recurrence rate.  Traditionally, KCOT has been treated with total resection through sublabial incision.  
Marsupialization is advocated to reduce surgical invasion.  However in all the cases, marsupialization was 
performed in the oral cavity.  With the recent development of appropriate instruments and the endoscopic 
modified medial maxillectomy (EMMM) technique, which allows preservation of the inferior turbinate and 
nasolacrimal duct, an exclusive endoscopic approach to KCOT becomes possible.  However, when the 
KCOT invades the hard palate, total resection of the tumor requires subtotal maxillectomy including hard 
palate.  Consequently, as the maxillary sinus connects to the oral cavity, life-long use of a prosthesis 
becomes mandatory.  Here we report a case of a seventeen-year-old female with a hard palate-invading 
KCOT who was successfully treated with the EMMM approach.  The KCOT was fenestrated to the nasal 
cavity, leading to preservation of the hard palate.  The lesion invading the hard palate was found to remain 
unchanged over one year upon follow-up.  The trans-nasal approach with EMMM is a direct, minimally 
invasive method providing a direct field of view for the treatment of maxillary odontogenic cysts.  
Marsupialization of the KCOT with the EMMM technique might be a viable treatment option if the maxillary 
KCOT invades surrounding structures.
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Introduction
Keratocystic odontogenic tumor (KCOT) is a benign 

odontogenic cystic lesion with a characteristic lining of 
parakeratinized stratified squamous epithelium, and are 
most common in the second and third decades of life 
(Barnes et al. 2005).  Compared to other odontogenic cystic 
lesions, KCOT has locally destructive characteristics and is 
associated with a high recurrence rate after surgery (Vered 
et al. 2005; Giuliani et al. 2006; Habibi et al. 2007; Cakur 
et al. 2008; González-Alva et al. 2008; Grasmuck and 
Nelson 2010). 

Traditionally, the treatment for KCOT has been total 
resection and extraction of the cyst-associated tooth (Habibi 
et al. 2007; González-Alva et al. 2008; Grasmuck and 
Nelson 2010).  The recurrence rate with total resection var-

ies among reports.  Bataineh and al Qudah (1998) reported 
0% of recurrence rate in their own 31 cases of mandibular 
KCOT but review of the literature has indicated that recur-
rence rates may vary from 0 to 62%.  The high recurrence 
rate then led surgeons to believe that that complete removal 
of the KCOT with meticulous curettage of surrounding tis-
sues was necessary in order to address the problem of high 
recurrence.  Marsupialization for KCOT to minimize surgi-
cal invasion has been reported (Nakamura et al. 2002; 
Pogrel and Jordan 2004; Maurette et al. 2006), however, all 
marsupializations were performed in the oral cavity.  
Recently, other surgical strategies have been advocated.  
Endoscopic modified medial maxillectomy (EMMM) with 
preservation of the inferior turbinate and nasolacrimal duct 
was proposed for the treatment of inverted papilloma of the 
anterior wall of the maxillary sinus (Nakayama et al. 2012).  
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Subsequently, the same authors reported that this EMMM 
approach was also useful for treating odontogenic maxillary 
cysts (Nakayama et al. 2014).  In all of their cases, the cysts 
were restricted to the maxillary sinus and could be removed.  
Currently, the treatment option for maxillary KCOTs that 
invade the hard palate remains to be elucidated. 

Here we describe the course of a hard palate-invading 
KCOT treated with marsupialization using the EMMM sur-
gical approach, which demonstrated no progression of the 
lesion after being followed-up for more than one year.

Case Presentation
A 17-year-old female who presented with a sense of 

unusual smell and nasal obstruction was referred to our 
department.  She observed nasal obstruction on the right 
side that was accompanied by a foul odor, and had visited a 
local hospital one month before presentation at our depart-
ment.  She had no history of maxillofacial trauma, genetic 
or other immuno-compromising disorders.  Axial and coro-
nal computed tomography (CT) showed opacification of 
right maxillary sinus with a tooth attached to posterior wall 
of the maxillary sinus (Fig. 1A-C).  Three-dimensional 
reconstruction CT imaging demonstrated a molar-shaped 
tooth erupting from the posterior maxillary wall (Fig. 1D).  
She was transferred to our department for surgical interven-

tion.  Since the thin bony cyst wall was observed on CT 
imaging (Fig. 1A, C, arrow), dentigerous cyst was sus-
pected preoperatively.  Thus, in case complete removal of 
the cyst was impossible without external approach, marsu-
pialization of the cyst was presumed to be surgical option.  
Endoscopic sinus surgery was performed under general 
anesthesia.  First, a middle meatal antrostomy was made.  
Cyst wall was paper like bone and was easily penetrated.  
Cloudy yellow fluid filled the cyst.  Debris was not 
observed.  The tooth was too firm to extract with curved 
instruments (Fig. 2A).  The EMMM approach was then uti-
lized.  An perpendicular incision was made in the lateral 
nasal wall at the level of anterior tip of the inferior turbinate 
(Nakayama et al. 2012).  The complex of the nasolacrimal 
duct, mucosal flap, and inferior turbinate was pushed medi-
ally and preserved.  The medial bony wall of the maxillary 
sinus was then drilled with a diamond burr.  The posterior 
wall of the maxillary sinus was now in the center of the 
field of vision (Fig. 2B).  The tooth was extracted with a 
large straight cup forceps (Fig. 2C).  Most of the cyst wall 
was removed, but the portion attaches to the maxillary floor 
and the mucosa with inflammation change at the lateral part 
was left untouched.  With inflammation, mucosa and sur-
rounding soft tissue was not distinguishable.  Bleeding was 
minimal.  Finally, the inferior turbinate, nasolacrimal duct, 

Fig. 1.  Preoperative plain computed tomography. 
 Coronal (A, B) and axial (C) views demonstrating the opacified right maxillary sinus.  Cyst wall (arrow) can be seen on 

(A) and (C).  Infero-lateral part of maxillary bone is absorbed (arrow head) (C).  A tooth has erupted from the posterior 
maxillary wall (C).  A three-dimensional reconstructive image shows a molar-like shaped tooth erupting from the poste-
rior wall (D).
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and lateral mucosal wall of the inferior meatus were 
replaced (Fig. 2D).  No fistula was made at the inferior 
meatus.  The pain remitted soon after the surgery.  
Histological study showed cystic lesion whose lumen was 
lined by the parakeratinized thickened squamous epithe-
lium.  Mitotic figures and atypical mitotic figures were not 
recognized.  Inflammatory cells, including plasma cells, 
lymphocytes and histiocytes intensively infiltrated within 
the fibrous stroma.  These pathological findings were com-
patible with KCOT (Fig. 3).  Follow up magnetic resonance 
imaging (MRI) showed that the lesion at the hard palate 
was stable one year after the operation (Fig. 4).

Discussion
KCOT was previously referred to as an odontogenic 

keratocyst.  As it is associated with an aggressive character-
istic, a high recurrence rate, and based on histological find-
ings, the term was changed to KCOT in the WHO classifi-
cation in 2005 (Barnes et al. 2005; Cakur et al. 2008).  For 
a long time, total resection was the only treatment option 
for KCOT (Habibi et al. 2007; González-Alva et al. 2008; 
Grasmuck and Nelson 2010), but complete removal of a 
large KCOT requires an extensive approach.  Some sur-
geons adopt this conservative approach, which is total 
resection, for KCOT, whereas marsupialization followed by 
close follow-up has been proposed by other groups 
(Nakamura et al. 2002; Pogrel and Jordan 2004; Maurette 
et al. 2006; Habibi et al. 2007).  Outcomes with marsupial-
ization alone were extremely favorable.  Most of the tumors 
diminished or regressed.  However in all of the cases, the 

KCOT was marsupialized through the oral cavity and this 
may result in discomfort for the patient.  In contrast, Ohki 
(2012) reported endoscopic transnasal marsupialization and 
removal of the tooth for maxillary KCOT, and this was 
associated with no progression within a one year follow up.  
In his case, the tooth erupted from the posterior-medial cor-
ner of the maxillary sinus where it is possible to remove the 
tooth.  However, in our case the tooth was located at the 
inferior portion of the posterior wall of the maxillary sinus 
and could not be removed through middle meatal antros-
tomy due to the lack of torque.  Therefore we employed the 
EMMM approach.  With this approach, straight instruments 
could reach all sections of the posterior wall of the maxil-
lary sinus.  With large straight cup forceps, the tooth could 
then be removed.

Recently, Menon (2015) published a review paper on 
etiology, pathogenesis and treatment of KCOT.  He con-
cluded that total resection should be limited to large lesions 
affecting most of the bony structure.  Conservative treat-
ment is preferable.  Long term follow up for at least 5 years 
is needed.  He proposed using Carnoy’s solution (60% etha-
nol, 30% chloroform and 10% glacial acetic acid) or alike 
to treat surrounding structures.  We suppose such a carcino-
genic reagent should not be used for young patients like 
ours. 

Although malignant transformation to squamous cell 
carcinoma is described as rare in the WHO book (Barnes et 
al. 2005), there are several reports on squamous cell carci-
noma arising from KCOT (Maria et al. 2011; Tamgadge et 
al. 2013; Lukandu and Micha 2015).  Close follow up is 

Fig. 2.  Intraoperative photographs. 
 The direction of the endoscope is shown in insets.  (A) View with 70 degree endoscope.  The tooth in the maxillary  

sinus cannot be removed with a 120 degree curved instrument (#18-83517, Medtronic, Jacksonville, FL).  (B) View 
with 0 degree endoscope through EMMM approach.  The tooth attached to the posterior maxillary wall can be seen at 
the center of the field of vision.  (C) View with 0 degree endoscope through EMMM approach.  After the tooth was  
extracted.  (D) View with 0 degree endoscope.  Entire inferior turbinate (*) was preserved after the operation.



K. Nomura et al.270

mandatory especially when complete resection is not guar-
anteed.

By using the Caldwell-Luc approach or endoscopic 
medial maxillectomy (EMM) approach, a wide surgical 
view can be obtained and straight instruments can be used 
(Wormald et al. 2003).  When a tooth erupts from an easily 
accessible site, such as the medial wall of the maxillary 
sinus, or fragile bone, middle meatal antrostomy alone is 
appropriate for removal of the tooth (Hasbini et al. 2001; Di 
Pasquale and Shermetaro 2006).  However, when a tooth 
erupts from an inaccessible site, such as the posterior, lat-
eral or anterior wall of the maxillary sinus, and the tooth is 
firmly attached to the bone, it cannot be removed with mid-
dle meatal antrostomy, because torque does not transmit 
efficiently with curved instruments.  Compared with the 
Caldwell-Luc approach, EMM is less invasive and can pro-
vide good visualization.  The primary disadvantage of 
EMM is that it necessitates the removal of the inferior tur-
binate and nasolacrimal duct.  Resection of the inferior tur-
binate might lead to empty nose syndrome.  In patients who 

have had their inferior and the middle turbinate either par-
tially or totally resected, a myriad of symptoms including 
nasal obstruction, crusting and dryness have been reported 
(Scheithauer 2010).  Resection of the nasolacrimal duct 
might lead to epiphora and infection of lacrimal sac (Bartley 
1992). 

Recently, Nakayama et al.  (2014) reported a case 
series of maxillary odontogenic cysts successfully treated 
with an EMMM approach.  All the cases within their series 
were either cysts or odontogenic tumors confined to the 
maxillary sinus, i.e. not invading the hard palate.  We 
believe that EMMM is the optimal approach to reduce dam-
age to the surrounding structures during surgery and to 
avoid using the angled endoscope and curved instruments, 
which are not suitable for transmitting torque.  EMMM pro-
vides access to the anterior wall of the maxillary sinus and 
is useful for inverted papilloma resection and odontogenic 
cysts including KCOT.  Using EMMM, the posterior maxil-
lary wall can be visualized at the center of the 0 degree 
endoscope field of view.  Straight instruments can be used 
with EMMM, and all structures including the inferior turbi-
nate, lacrimal duct, and the membranous lateral wall of the 
inferior meatus are preserved.

If total resection is mandatory for any KCOT, patients 
with invasive KCOT such as our patient will have postop-
erative deformity.  Total resection of the KCOT in our 
patient would have resulted in a large defect of the hard 
palate, necessitating the use of an oral prosthesis.  To avoid 
such an invasive treatment for a benign disease, we per-
formed marsupialization using the EMMM approach.  This 
is the first study reporting the treatment of KCOT with mar-
supialization using the EMMM approach.  With this 
approach, almost all parts of the maxillary sinus can be 
reached (Nakayama et al. 2012, 2014).  In our patient, there 
was inflammation in the KCOT (Fig. 3) and the cyst wall 
had a tendency to expand.  Through marsupialization, a 
drainage pathway can be created, leading to recession of the 
inflammation and the cyst wall (Nakamura et al. 2002; 
Pogrel and Jordan 2004; Maurette et al. 2006).  Combining 
the two concepts of EMMM and marsupialization, we have 
developed a minimally invasive treatment option for KCOT.  
If the tumor should grow during follow up, en bloc resec-
tion with external incision can be done as a staged opera-
tion. 

Conclusion
The trans-nasal approach with EMMM is a direct, and 

minimally invasive method that can provide a direct field of 
view for maxillary KCOT treatment.  This approach is 
especially useful for cases of maxillary KCOT where a 
tooth cannot be removed through middle meatal antros-
tomy.  In cases where the KCOT has invaded the hard pal-
ate, marsupialization and close follow up may be a good 
option.  By using a combination of the EMMM approach 
and marsupialization, even invasive KCOTs in the maxil-
lary sinus can be treated in a minimally invasive way.  If the 

Fig. 3.  Histopathological findings of the tumor (Hematoxylin 
and eosin staining). 

 (A) The cyst was lined by epithelial cells with parakera-
tosis (arrow).  (B) Satellite cysts (*) were seen with 
dense inflammatory cells within the fibrous stroma.
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tumor should grow during post-operative follow up, en bloc 
resection can be performed to shrink the KCOT.
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