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Abstract

Introduction: The odontogenic keratocyst is a developmental epithelial cyst that comes from the
remains of the dental lamina, of relatively high prevalence and aggressive behavior. In large lesions,
it is possible to decompress by installing a 3D-printed cannula, which facilitates the subsequent
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enucleation of the cystic lesion. Objective: To present an alternative in decompression for the
treatment of odontogenic keratocyst. Case presentation: A 26-year-old female patient presented
an increase in volume in the right hemiface at the level of the middle and lower facial third after
approximately one year of evolution. Imaging and histopathological studies were performed, and
the diagnosis was odontogenic keratocyst. The treatment consisted of decompressing the lesion
with the placement of a cannula designed in the Blender software and 3D-printed with BioMed
Clear™ biocompatible resin. Then the enucleation and curettage of the remaining lesion were
performed, plus the application of 5-fluorouracil as an adjuvant. In control studies, bone neofor-
mation can be observed, with no data on recurrence. Conclusions: The 3D-printed cannula is a
customized device that offers accuracy and precision in the treatment of decompression.
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INTRODUCTION

The odontogenic keratocyst (okc) is a developmental epithelial cyst arising from the remains
of the dental lamina. The term ok was first used by Philipsen in 1953"; although other authors
mention that the term was first used in 19562. In 2005, it was classified by the World Health
Organization (wHo) as a keratocystic odontogenic tumor (koT). In 2017, koT was again classi-
fied as a developmental odontogenic cyst®. And in the current classification, it continues to be
considered as a cyst*. Compared with other cysts of the jaw, okc is unique due to its distinctive
clinical features, including potentially aggressive behavior, high recurrence rate, and an associ-
ation with the nevoid basal cell carcinoma syndrome (NBccs)°.

Approximately half of all keratocysts occur at the angle of the mandible and extend for vary-
ing distances into the ascending ramus and forward into the body?®. In many cases, patients
are remarkably asymptomatic until the cysts reach a large size and involve the maxillary sinus,
ascending ramus, condylar processes, and coronoids®. Symptoms related to pain, infection, or
pathologic fracture may occur less frequently’. The most commonly used radiological imaging
techniques in the study of okcs are orthopantomography and computed tomography (cT)%°.
okcs may exhibit imaging features almost indistinguishable from other osteolytic lesions of
the jaws; therefore, to obtain a definitive diagnosis, histopathologic examination is required®.
Several treatment modalities have been reported, including marsupialization, decompression,
enucleation with or without adjuvants, cryotherapy, and resection. Lesion recurrence rates
vary according to the treatment modality chosen, with the lowest rate associated with surgi-
cal resection’.

Although most recurrences occur in the first 5 years, they can also occur after 10 years or
even more'’. In large lesions, it is possible to perform decompression of the lesion by installing
a cannula, for subsequent enucleation of the remaining okc™. As a driving factor of the fourth
industrial revolution, 3D printing has had a global impact on healthcare, with 3D printed and
patient-customized tools replacing outdated methods™. Virtual surgical planning and com-
puter-aided fabrication of 3D printed devices provide the surgeon with multiple advantages™.
When comparing traditional manufacturing methods with additive manufacturing and 3D
printing, they stand out in their ability to manufacture complex structures faster and with high
precision'®. The materials currently used are mainly based on the use of naturally occurring
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polymers or synthetic molecules™. Biomed Clear™ is a resin for ink light-curing 3D printing,
with good physical and mechanical properties’™’®, this makes it able to remain for a long time
in a biological environment and is biocompatible'.

CLINICAL CASE PRESENTATION

A 26-year-old female patient presented at the clinic of the School of Dentistry of the National
School of Higher Education, Leon, uNam, who reported a tumor in the mandible with approxi-
mately one year of evolution. In the extraoral physical examination, an increase in volume was
observed in the right hemiface at the level of the middle and lower third of the face (Figure 1. A).
In the intraoral examination, a lesion was observed expanding vestibular and lingual cortices;
palpation was of indurated consistency, and no other systemic or important disease was found.
In the imaging studies, in the orthopantomography of the right side in the mandibular
region, a multilocular radiolucent area was observed, from the first molar to the ascending
branch, with well-defined and sclerotic borders. In the three-dimensional reconstruction of
the simple cranial computed tomography, an image of the lytic aspect was observed, with fine
septa in its interior of multilocular aspect with an expansion of bony cortices (Figure 1. B-C).

Figure 1. Initial photo. A. Antero-inferior view, volume increase in the right hemiface. Imaging studies.
B. Orthopantomography shows multilocular areas at the level of the body, angle, and mandibular
ascending branch. C. 3D reconstruction of computed tomography of the skull, showing osteolytic
pattern with cortical expansion. D. Photomicrograph stained with hematoxylin and eosin at 100X,

shows cystic cavity lined by parakeratinized stratified squamous epithelium with corrugated areas.
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As a diagnostic impression okc was suspected due to the location of the lesion, the mul-
tilocular radiolucency with well-defined borders, and the age of the patient. Conventional
ameloblastoma and odontogenic myxoma were suspected as differential diagnoses. As part
of the diagnostic protocol, an exploratory puncture was performed and the material was yel-
lowish-white liquid, then an incisional biopsy of the lesion was performed, both at the same
surgical time.

The histopathological study identified fragments of the capsule made up of lax fibrous tis-
sue, which is mostly lined by stratified squamous epithelium of more or less uniform thickness
of six to eight layers thick, with a parakeratinized wavy surface and a cuboidal to columnar
basal layer that in multiple areas is detached from the capsule (Figure 1. D). The result of the
histopathological study was: Odontogenic Keratocyst.

The design of the digital cannula was performed, first the picom format file of the patient’s
cT scan was obtained, then in Blender software, the decompression cannula with a diameter of
0.5cm and a length of 2.5¢cm was designed, and then the 3D model was extracted in the form of
STL data on the Formlabs Form 2™ 3D printer (Formlabs Ohio Inc., Millbury, oH, usa). Medical
grade resin with the trade name Biomed Clear™ (Product Code: FLBmcLo1) from Formlabs (Form-
labs Ohio Inc., Millbury, oH, usa) was used for the cannula impression (Figure 2).

The treatment consisted of decompressing the cystic lesion with a custom-printed cannula
for subsequent enucleation. An incision was made in the anterior border of the mandibular
ramus and extended to the first molar, subsequently the second permanent molar was ex-
tracted, since it presented grade Ill dental mobility, due to bone loss. The cyst lumen was
accessed and the 3D-printed cannula was placed and fixed with two 1.5 system screws to the
remaining corticals. The lumen of the cannula was irrigated with 0.9% sodium chloride solution
(NaCL) (Figure 3).

The patient attended follow-up appointments; in the control orthopantomograms at three
months the lesion decreased in size (Figure 4. A), at nine months an increase in radiopacity
was observed, with a residual radiolucent area in the mandibular body of less than three cm.
At this time enucleation and curettage of the residual lesion plus peripheral ostectomy of one
cm was performed, a gauze soaked with 5-fluorouracil solution was placed for 24 hours, then it
was removed. It is important to mention that after decompression, a small radiolucent lesion
was still observed at the level of the right coronoid process, which did not decrease in size,

Figure 2. Virtual planning. A. Three-dimensional reconstruction of the mandible
with custom-designed cannula. B. Cannula for keratocyst decompression.
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Figure 3. Transsurgical photographs. A. Lines show the limits of the cystic cavity.
B. Cannula placement in the cyst lumen and screw fixation to the remaining bone
cortex. C. Placement of 4.0 x 4.0 cm gauze embedded with 5-Fluorouracil.

so coronoidectomy was also performed with a five mm margin in the same surgical time, thus
eliminating the entire lesion (Figure 4. B). The final histopathological result of both samples
was an odontogenic keratocyst. A control computed tomography was performed one year and
eight months after the procedure, bone neoformation was observed in the mandibular body
and ascending mandibular branch (Figure 4. C).
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Figure 4. Control imaging studies. A. Orthopantomography at 3 months, lesion size
decreases, and screws fixing the cannula to the bone are observed. B. Post-surgical
orthopantomography at 9 months, there is increased radiopacity in the body, angle,
and ascending mandibular branch. C. 3D reconstruction of skull computed tomography
at one year and eight months, bone neoformation is observed with no data of relapse.
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DISCUSSION

According to the World Health Organization (wHo) classification for odontogenic cysts and
tumors, the okc may represent a true cyst, but it is not a common cystic lesion. The lesion is
distinct and requires special consideration because of its aggressive clinical behavior and high
recurrence rate'. Although there is a predilection for men, in the case hereby presented it was
a woman; it has been shown that when okcs are associated with nevoid basal cell carcinoma
syndrome (NBccs) their ratio is 1:1, i.e. there is equal involvement for both men and womené®.
Regarding the age of the patient, it can be considered that she is within the age range most
predisposed to present the lesion, which is between the second and third decade of life'®, the
patient was 26 years old. As for the location, it is generally located in the body and mandibular
ramus, this location is the most frequently reported in the literature'®'. The characteristics re-
lated to bucco-lingual expansion, disruption of the cortical bone, and presence of septa within
the lesion, in addition to the multilocular pattern®, were confirmed with orthopantomography
and computed tomography.

After confirming the diagnosis of okc by histopathological result of the incisional biopsy, the
treatment was performed in two surgical stages. The first stage consisted of decompression of
the lesion using a custom-designed 3D-printed cannula and odontectomy of the second molar.
Although technically marsupialization and decompression are different treatments, both aim
to communicate the cyst lumen with the outside to reduce its pressure, induce a change in the
cyst epithelium and thus decrease the size of the lesion, decompression followed by surgical
enucleation is attributed as a first line of treatment of okc?™.

The 3D-printed cannula was designed to be placed deep into the lesion without the risk of
the lumen collapsing. Several devices have been used for decompression, including a bladder
catheter fragment, Penrose tube, and intravenous or pediatric feeding catheters, all of which
have shown favorable results for decompression. However, the 3D printed cannula has
unique advantages in that its design is precise and customized for each patient, raw material
costs are low and production speed is fast’®'. However, it can be considered a disadvantage
that not all surgeons are familiar with 3D technology. Biomaterials used for 3D printing can be
natural or synthetic, such as polymers, as they have good physical and mechanical properties’.
An example of this is Biomed Clear™, it is a biocompatible resin used for applications requiring
prolonged contact with skin and mucous membranes’®. It is also compatible with hospital disin-
fection and sterilization methods. More generally, the integration of 3D printing into different
facets of contemporary dentistry has enabled the production of complex surgical devices®.
Other important advantages include improved design software, marked cost reduction, and
simplicity of production™.

The second molar associated with the lesion was removed due to its high degree of mo-
bility, which conditioned a poor functional prognosis. Although there is no consensus as to
whether the tooth involved in the odontogenic keratocyst should be extracted or preserved,
there are studies that report that when the roots are in contact with the margins of the lesion
and are preserved, they have a recurrence rate of 32.4% compared to those in which extraction
is performed, whose recurrence is 3.6%?2'. Although these data are not conclusive as to whether
or not the tooth involved in the lesion should be removed, they are important data to consider
when making a decision.

In the second surgical stage, enucleation and curettage of the remaining cyst were per-
formed along with peripheral ostectomy, plus the application of 5-fluorouracil as an adjuvant
method. 5-fluorouracil is an antineoplastic drug that has been shown to induce apoptosis
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by inhibiting the Sonic Hedgehog (sHH) signaling pathway in the cells of the okc?2. In addition,
it inhibits the enzyme thymidylate synthetase, essential for pnA synthesis; it is used as an ad-
juvant to enucleation, curettage, and peripheral ostectomy?3?4. However, its use has not been
ruled out in the early stages of okc, or those lesions of large size. There is no standard treatment
protocol for okc treatment; with a wide spectrum of modalities, treatment is chosen according
to the clinical judgment of physicians on a patient-specific basis?>?°.

The coronoidectomy was also performed on the right side when it was observed that the
lesion persisted in the coronoid process even after several months of treatment with decom-
pression. In cases that do not respond to conservative management, i.e., when the size of the
lesion does not regress after 6 months of decompression, these signs should be considered
indicators of aggressiveness, therefore, such lesions should be treated by radical resection with
margins of at least 5 mm from the radiographic edge of the lesion?®.

During the follow-up of this case, there was a notable clinical improvement of the patient
as the lesion volume decreased. In the imaging studies, control orthopantomograms showed
increased radiopacity at the site of the lesion, and the ¢T scan showed clear bone neoformation
with no evidence of recurrence (Figure 4. B-C). This protocol has worked favorably in multiple
reports, demonstrating the efficacy of decompression by decreasing the size of the lesion and
minimizing damage to neighboring tissues, thus inducing bone neoformation progressively'®.
Nevertheless, the high recurrence rate of odontogenic keratocyst should always be considered,
so it is essential to follow it up periodically utilizing imaging tests®'.

CONCLUSIONS

Several treatment modalities are available for okc. Clinical judgment plays a key role to
choose the most appropriate one. It is important to consider the size of the lesion, growth
rate, and degree of tissue invasion. Initial decompression with a customized 3D-printed can-
nula offers accuracy and precision in the initial treatment. In lesions refractory to conservative
treatment, aggressive therapies should be used because of the high recurrence rate of okc.
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