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I. Introduction

An odontogenic keratocyst (OKC) is a cystic lesion derived 
from the dental lamina1. OKCs appear on radiographs as 
unilocular or multilocular lesions with a scalloped margin. In 
25%-40% of cases, an unerupted tooth lies within the lesion2. 
OKCs account for 11% of all jaw cysts and are found most 
often in the mandibular ramus or angle region3, although 
there have been a few reports of OKCs in the maxillae.

OKCs are known for their high recurrence rate (from 20%-
62%)3 and aggressive nature, as they can grow quite large 
before any symptoms manifest. A distinguishing feature of an 
OKC is the daughter cyst, which is formed by budding of the 

basal layer into the surrounding connective tissue4. Since this 
feature is related to the high rate of recurrence, several po-
tential treatment modalities have been explored to eradicate 
these cysts, including modalities as aggressive as resection, 
especially due to the maxilla’s thin cortical lining. Others 
have advocated for the use of radical surgical tactics in con-
junction with bone resection5. Radical excision may prevent 
recurrence, but the procedure is associated with a high mor-
bidity rate and should be considered only as a last resort.

Blanas et al.6 suggested that application of Carnoy’s solu-
tion to the cystic cavity for three minutes after enucleation 
reduces the rate of recurrence to 1.6% (comparable to resec-
tion); this approach was more effective than a simple enucle-
ation, which carries a recurrence rate of 17%-56%. Carnoy’s 
solution is a chemical cauterizing agent that has been used 
to treat various cysts and tumors of an aggressive nature in 
the oral and maxillofacial surgery area7. Carnoy’s solution 
functions as a tissue fixative and dehydrating agent due to its 
ability to penetrate the tissues and fix the proteins, effectively 
preserving the tissue architecture. This fixation process helps 
to eliminate any residual cystic epithelial lining and prevent 
its proliferation. Second, the solution has a cauterizing effect 
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on the remaining cystic tissue. It acts as a keratolytic agent 
by breaking down and dissolving the cystic lining and has a 
destructive effect on epithelial cells, which helps to eliminate 
any remaining cells that could potentially lead to recurrence. 
The Carnoy’s solution is composed of 1 g of ferric chloride 
dissolved in 6 mL absolute alcohol, 3 mL chloroform, and 1 
mL glacial acetic acid. Due to the carcinogenic effect of the 
chloroform, it has been suggested that a modified Carnoy’s 
solution consisting of 1 g of ferric chloride dissolved in 6 mL 
absolute alcohol and 1 mL glacial acetic acid be used. The 
study of Donnelly et al.8 found no significant difference in 
recurrence rate or distribution of time to recurrence between 
OKCs treated with Carnoy’s solution or a modified Carnoy’s 
solution. This report aims to demonstrate the clinical out-
comes of enucleation using a modified Carnoy’s solution in 
patients with large OKCs located in the posterior maxillae.

II. Cases Report

1. Case 1

A 37-year-old male was referred by a local clinic to the 
Department of Oral and Maxillofacial Surgery for multiple 
cystic lesions in his jaws. His medical history was collected 
at the initial visit but was not contributory. The patient was 
later diagnosed with nevoid basal cell carcinoma syndrome. 
A panoramic radiograph revealed radiolucent lesions on the 
left posterior maxilla and both posterior mandibles.(Fig. 1. 
A) Computed tomography (CT) scans showed well-defined 
expansive lesions in the maxillae and mandibles. The patient 
was scheduled for an incisional biopsy and marsupializa-
tion to reduce their volume.(Fig. 1. B) The biopsy confirmed 
OKC. The patient was prescribed irrigation twice a week 
with normal saline solution for six months. Six months after 

marsupialization, the patient was scheduled for cyst enucle-
ation of the left maxilla and both sides of the mandible under 
general anesthesia. The modified Carnoy’s solution was 
soaked into 2×2-inch gauze and applied for three minutes af-
ter removal of the lesions. After copious saline irrigation, pri-
mary closure was achieved. The permanent biopsy confirmed 
OKC.

There were no remarkable complications after the surgery. 
The patient was followed for four years with no signs of any 
recurrence.(Fig. 1. C)

2. Case 2

A 10-year-old male presented to the clinic complaining of 
swelling of the left mandible angle. The patient had under-
gone a cleft palate surgery at 2 years old and was diagnosed 
with nevoid basal cell carcinoma syndrome. He was under 
observation after the OKC surgery on both posterior man-
dibles. After eight months, the patient developed OKC on the 
left posterior maxilla. The patient underwent cyst enucleation 
and extraction of #27.(Fig. 2. A) A modified Carnoy’s solu-
tion was applied to 2×2-inch gauze and applied for five min-
utes after enucleation. After copious saline irrigation, primary 
closure was achieved.(Fig. 2. B)

The patient was followed for three years, at which point an-
other OKC was found on the right posterior maxilla.(Fig. 2. C) 
The patient underwent cyst enucleation and extraction of #17 
and #18. A modified Carnoy’s solution was applied to 2×2-
inch gauze for five minutes after enucleation. The patient was 
followed for five years and showed no signs of recurrence.
(Fig. 2. D)
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Fig. 1. Radiographs of Patient No. 1 
(37-year-old male). A. A radiograph 
showing large radiolucent lesions on the 
left posterior maxilla and both posterior 
mandibles. B. A radiograph showing 
marsupialization to reduce size. C. A ra-
diograph taken four years after surgery 
and showing no recurrence.
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3. Case 3

A 10-year-old female patient was referred from the pediat-
ric dentistry department, and her chief concern was a cystic 
lesion on the mandibular anterior area. The patient had no rel-
evant prior medical history. The patient had undergone cyst 
enucleation under general anesthesia earlier the same year. 
At the follow-up visit, the patient presented with a new cystic 
change in the #17, #37, and #47 areas. The patient underwent 
cyst enucleation without the use of a modified Carnoy’s so-
lution. In 2016, the patient developed cystic lesions on both 
posterior maxillae.(Fig. 3. A) The patient underwent cyst 
enucleation in those areas; this time, a modified Carnoy’s so-
lution was soaked in 2×2-inch gauze and applied to each area 
for three minutes. After copious saline irrigation, primary clo-
sure was achieved. Postoperatively, the patient was followed 

for six years with no signs of recurrence.(Fig. 3. B)

III. Discussion

Standard treatment modalities for OKC range from marsu-
pialization to marginal resection. Among OKC’s various sur-
gical methods, we selected cyst enucleation simultaneously 
with the use of a Carnoy’s solution. Since cyst enucleation 
alone does not guarantee complete removal of the lesion, 
Carnoy’s solution was also applied with the hope that it 
would prevent recurrence caused by the remaining cyst epi-
thelium after enucleation. Within the limitations of this case 
series, the minimally invasive surgery with Carnoy’s solution 
could be effective to treat OKC in the maxillae.

The study of Blanas et al.6 found recurrence rates of 1.85% 
for marginal resection, 4.8% for enucleation with Carnoy’s 
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Fig. 3. Radiographs of Patient No. 3 (10-year-old female). A. A radiograph showing radiolucent lesions on both posterior maxillae (arrows). 
B. A radiograph taken six years after surgery, showing no recurrence.
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Fig. 2. Radiographs of Patient No. 2 (10-year-old male). A. A radiograph showing a patient with odontogenic keratocyst (OKC) on the left 
posterior maxilla (arrow). B. A panoramic view after cyst enucleation and extraction of #27. C. A radiograph taken three years after surgery, 
showing an additional OKC on the right posterior maxilla (arrow). D. A radiograph showing no recurrence throughout the follow-up period 
of three years (mandible) and five years (maxilla).
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solution, and 30.8% for enucleation and adjunctive measures 
other than Carnoy’s solution. Alchalabi et al.9 suggested that 
complications and morbidities originating from the applica-
tion of Carnoy’s solution occurred less frequently and were 
less serious than those associated with resection, while there 
was no recurrence, which is equal to the recurrence rate of re-
section. OKC mainly occurs in the mandible and rarely in the 
maxilla. Accordingly, there is a lack of literature describing 
treatment protocols. Lal et al.10 have suggested that the extent 
of surgical resection should be dictated by the age of the pa-
tient, the site of the lesion, and the involvement of surround-
ing vital structures. Certainly, the most common treatment for 
aggressive benign lesions associated with OKCs is maxilla 
resection with a margin of safety. The anatomical structure, 
loose bone density of the maxilla, and empty space of the 
maxillary sinus could allow rapid growth of the lesion and 
lead to tumor occupancy in the entire maxilla within a short 
period of time. Therefore, OKCs of the maxilla require more 
aggressive surgery such as resection11-13. However, this pro-
cedure is known to significantly reduce quality of life due to 
its serious side effects. The trend is now to attempt minimally 
invasive surgery to save as much of the vital structures of the 
maxilla as possible and to treat the condition more conserva-
tively.

In this report, OKCs in the maxilla were successfully treat-
ed with no recurrence using a minimally invasive enucleation 
surgery and the application of a modified Carnoy’s solution. 
As part of their surgical procedures, patients were initially 
treated with marsupialization to decompress the size of the 
cyst. Enucleation was carried out only after it was determined 
that there was no further increase in radiopacity from the pan-
oramic radiograph and cone-beam CT imaging. A modified 
Carnoy’s solution was applied to the bony bed of the cyst by 
wetting the gauze for three to five minutes after enucleation. 
Copious saline irrigation was performed after Carnoy solu-
tion application to ensure that the solution was completely 
washed out. Each patient was followed for four to six years 
with no signs of recurrence.

In our cases, the modified Carnoy’s solution was applied 
to the bony bed of the enucleated site with soaked gauze to 
avoid chemical injury on the surrounding tissue. The solution 
was applied for three to five minutes depending on the size 
of the cyst. Within the small sample size limitation of this 
study, we observed that the modified Carnoy’s solution was 
effective at preventing the recurrence of OKC not only in the 
mandible, but also in the maxilla. We accordingly suggest 
that surgeons can safely use a modified Carnoy’s solution 

as an adjunct therapy to treat OKC in the maxilla. In subse-
quent studies, more samples will need to be included, and the 
follow-up period should be extended. In conclusion, conser-
vative treatment with a modified Carnoy’s solution could be 
considered a viable option for reducing the recurrence rate 
of an OKC in the maxilla. Since it is a minimally invasive 
approach, the patient’s quality of life is likely to improve sig-
nificantly following the procedure.
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