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Is enucleation followed by peripheral ostectomy and Carnoy’s 
solution application an adequate treatment for Odontogenic 
keratocyst? A case series with up to five years of follow up
A enucleação seguida da osteotomia periférica e a aplicação de solução de Carnoy é um tratamento adequado para o 
ceratocisto odontogênico? Uma série de casos com acompanhamento de até cinco anos

Varun ARYA1 , Minerva SINGH1 , Rajeev PANDEY2 , Sanjeev KUMAR1 , Jingade Krishnajirao Dayashankara RAO3 , 
Santosh MISHRA4 

1 - SGT University, Faculty of Dental Sciences, Department of Oral and Maxillofacial Surgery, Gurugram, Haryana, India.
2 - CHC Shivpur, Gorakhpur, Uttar Pradesh, India.
3 - Qassim University, College of Dentistry, Buraydah, Al Qassim, Saudi Arabia.
4 - Govt. S.S. Medical College, Rewa, Madhya Pradesh, India.

ABSTRACT
Objective: To evaluate the treatment outcome of enucleation and peripheral ostectomy with the use of Carnoy’s 
solution for management of Odontogenic keratocyst. Material and Methods: 17 patients with OKC who reported 
from 2011 to 2015 were included. All the cases were treated by enucleation and peripheral ostectomy of 0.5mm 
followed by Carnoy’s solution cauterization for 4 minutes. All patients were followed up for 4-5 years. Results: 
All the cases were followed-up by using serial panoramic radiography and clinical evaluation at regular intervals. 
No recurrence was reported in any of the cases. Conclusion: Treatment of Odontogenic keratocyst by enucleation 
and 0.5mm of peripheral ostectomy, followed by Carnoy’s solution cauterization for 4 minutes is an effective 
treatment with zero recurrence rates for five years of follow-up.
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RESUMO
Objetivo: Avaliar o resultado do tratamento de enucleação e osteotomia periférica com o uso de solução de 
Carnoy para o manejo do ceratocisto odontogênico (OKC). Material e Métodos: 17 pacientes com OKC com 
acompanhamento de 2011 a 2015 foram incluídos. Todos os casos foram tratados através da enucleação e 
osteotomia periférica de 0,5 mm, seguido da cauterização com solução de Carnoy por 4 minutos. Todos os 
pacientes foram acompanhados por 4-5 anos. Resultados: Todos os casos foram acompanhados por meio de séries 
de radiografias panorâmicas e avaliação clínica em intervalos regulares. Nenhuma recorrência foi reportada em 
nenhum dos casos. Conclusão: O tratamento de ceratocisto odontogênico por meio da enucleação e osteotomia 
periférica de 0,5mm, seguido da cauterização com solução de Carnoy por 4 minutos é um tratamento efetivo 
com zero taxa de recorrência em um acompanhamento de 5 anos.
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INTRODUCTION

Odontogenic keratocyst (OKC) is a cystic 
lesion of odontogenic origin, which was firstly 
described by Mikulicz, in 1876, Philipsen, in 
1956 was the first to name and recognize OKC 
as an entity [1,2]. It accounts for approximately 
10% of jaw cysts and is considered to be an 
aggressive lesion because of a relatively high 
recurrence rate [3]. The term Primordial 
cyst, synonymous with OKC, was used in the 
1992 World Health Organization (WHO) 
classification and put under the category 
of developmental odontogenic cysts [4]. In 
2005, WHO identified OKC as a neoplasm and 
renamed it as Keratocystic Odontogenic Tumor 
(KCOT) contributed to its aggressive nature, 
high recurrence rate, its association with Nevoid 
Basal Cell Carcinoma Syndrome (NBCCS) or 
Gorlin Goltz syndrome, and mutations seen in 
the Protein Patched Homolog (PTCH) tumor 
suppressor gene. In 2017, WHO reclassified this 
lesion under developmental odontogenic cysts 
as OKC [5,6]. The reported age range is 8 to 82 
years old, with a peak in the third decade of life 
with a slight male predilection. When associated 
with the NBCCS, the mean age of incidence is 
around 25 years old [7]. OKCs originate in tooth-
bearing regions, the predilection for mandible 
is more than that of maxilla, the most common 
location being the posterior part namely the 
angle or the ramus whereas, in maxilla, the 
anterior region and the third molar area are 
the most common sites of occurrence [3]. 
Due to unpredictable nature of OKC various 
treatment modalities have been proposed, few 
of them advocate for conservative procedures 
and others for aggressive surgical treatment. 
The recurrence rate for OKC ranges from 2.5 
to 62%, depending on the treatment modality 
used [8]. The majority of recurrence occurs 
during first few years of treatment. Enucleation 
alone is associated with a high recurrence rate, 
it decreases with the addition of an adjuvant 
procedure. The treatment modality that has 
shown the lowest recurrence rate is resection 
of the lesion with or without continuity defects 
but at the same time causes highest patient 
morbidity, therefore the requirement of a low 
recurrence rate needs to be weighed against 
patient morbidity [9].

We present a study of 17 patients with OKC 
who were treated by enucleation with peripheral 

ostectomy followed by chemical cauterization 
with Carnoy’s solution. The purpose of the 
present study was to analyze the recurrence rate 
of OKC in the same patients for a period of four 
to five years.

MATERIAL AND METHODS

This study was conducted from 2011 to 
2015 on patients with OKC who satisfied the 
inclusion and exclusion criteria of the study. 
Confirmed cases of OKC as diagnosed by 
histopathology both pre and post-operatively 
with follow-up of four to five years were 
included in the present study, whereas 
syndromic patients with OKCs, patients not 
willing to participate in the study and patients 
with pathological fractures were excluded. 17 
patients were included out of which 9 were 
male and 8 females, age ranging from 17 to 
60 years. All the patients underwent surgical 
enucleation under general anaesthesia after 
obtaining medical fitness. Enucleation of the 
entire lesion was done while taking care of 
adjacent neural and vascular structures, it 
was followed by peripheral ostectomy which 
was done using a pear-shaped vulcanite bur 
to remove at least 0.5mm of the cavity bone, 
while irrigating with saline. Carnoy’s solution 
was freshly made by mixing 1ml of glacial acetic 
acid, 1g of Ferric Chloride, 6ml of absolute 
alcohol and 3ml Chloroform. Adjacent mucosa, 
gingiva and neural structures were preserved 
by applying a layer of paraffin wax, then a 
gauze was used to apply Carnoy’s solution 
for 4 minutes. After 4 minutes, the cavity 
was thoroughly rinsed with saline to wash 
off the solution and debris, primary closure 
was done using absorbable suture material. 
All patients were followed up for four to five 
years, post-operatively. Figure 1-5 show pre 
and post-operative radiographs of two cases 
which were followed up for five and four years, 
respectively.

RESULTS

The study included 17 patients with OKC 
who met the inclusion criteria. 9 patients 
(52.9%) were male and 8 (47.0%) were female, 
the ratio being 1.12:1, age ranged from 17 to 
60 years. 12 lesions were located in mandible 
out of which 8 involved posterior region and 
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4 involved anterior region, whereas 5 lesions 
were located in maxilla, out of which 3 involved 
anterior region and 2 involved posterior region. 
All patients were followed up for four to five 
years, post-operatively. None of the cases 
showed any recurrence throughout the period 
of follow-up, which might be indicative of the 
presented protocol being an effective option. 
Paraesthesia for a maximum of 6 weeks was 
noted in four patients and wound dehicence 
in three, no other complications were noted 
(Table I).

Figure 1 - Pre-operative pantomogram showing multilocular OKC 
involving anterior mandible and left side body, impacted canine is 
also seen.

Figure 2 - Three months post-operative pantomogram showing 
persistant mandibular radiolucency, no radiographical signs of 
recurrence.

Figure 3 - Five years post-operative pantomogram showing 
complete ossification of bone, no radiographical signs of recurrence 
can be seen.

Table I - Patient’s pre and post-operative data

S.No. Age/
Sex Chief Complaint Region involved Unilocular/ 

Multilocular Complication if any Follow-up

1. 22/M Swelling Posterior mandible Multilocular Paraesthesia for 6 weeks 5 years

2. 35/F Swelling Anterior mandible Multilocular None 5 years

3. 58/M Swelling Posterior mandible Multilocular None 4 years

4. 48/M Pain and swelling Anterior maxilla Multilocular None 4 years

5. 26/F Pain and swelling Posterior mandible Multilocular Wound dehiscence 5 years

6. 31/M Swelling Posterior mandible Unilocular
Wound dehiscence

5 yearswith paraesthesia for 4 
weeks

7. 49/M Mobility of teeth and 
swelling Anterior mandible Multilocular None 5 years

8. 55/F Swelling Anterior maxilla Unilocular None 5 years

9. 26/M Pain and swelling Posterior mandible Multilocular None 4 years

10. 45/F Swelling Posterior mandible Multilocular Paraesthesia for 4 weeks 5 years

11. 60/M Mobility of teeth and 
swelling Anterior mandible Unilocular Wound dehiscence 5 years

12. 33/F Swelling Posterior maxilla Multilocular None 5 years

13. 17/M Swelling Anterior mandible Multilocular None 5 years

14. 42/F Pain and Swelling Posterior mandible Multilocular None 4 years

15. 28/F Swelling Posterior mandible Multilocular Paraesthesia for 6 weeks 4 years

16. 37/F Pain and swelling Posterior maxilla Multilocular None 5 years

17. 28/M Pain and swelling Anterior maxilla Multilocular None 5 years
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Figure 4 - Pre-operative Cone beam computed tomography showing unilocular OKC involving left angle of mandible, buccal and lingual cortical 
expansion is appreciable.

Figure 5 - Four years post-operative pantomogram showing 
complete ossification of bone, no radiographical signs of recurrence 
can be seen.

DISCUSSION

The term Odontogenic Keratocyst was first 
used by Philipsen, in 1956 [2]. OKC is notorious 
for its aggressive behavior and high recurrence 
rate, Pindborg and Hansen (1963) were the first 
to point this out [10].

In 1992, WHO did not add OKC as a separate 
entity under developmental odontogenic cysts 
in their classification but a synonymous term, 
Primordial Cyst was used instead [4]. In 2005 
WHO classification, 3rd edition, OKC was renamed 
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as Keratocystic Odontogenic Tumor (KCOT) 
and was removed from the list of cysts and was 
rather reclassified as a neoplasm because of 
its aggressive nature, high recurrence rate, its 
association with a syndrome i.e. nevoid basal cell 
carcinoma syndrome or Gorlin Goltz syndrome, 
and mutations seen in the protein patched 
homolog (PTCH) tumor suppressor gene [5]. 
However, authors reported that KCOT could be 
treated with decompression and marsupialization, 
which is not a feature of a neoplastic lesion also 
PTCH gene suppression can be associated with 
non-neoplastic lesions such as dentigerous cyst 
thus, in 2017, 4th edition WHO classification again 
named KOCT as OKC and included it under the 
category of developmental odontogenic cysts [6].

OKC develops from the dental lamina 
remnants, before odontogenesis is complete, it 
may originate from the basal cells of overlying 
epithelium as well [1]. OKC corresponds to 
approximately 10% of all odontogenic cysts, 
occurring twice as commonly in posterior 
mandible i.e. the third molar region, angle and 
ramus, than maxilla, where it is mainly found 
in anterior or third molar region, where an 
extension into the maxillary sinus is commonly 
seen. The age range is wide, 8-82 years, peak 
incidence being in 3rd decade of life but when 
associated with NBCCS, it has been reported that 
the incidence tends to drop to approximately 25 
years of age. Male predilection is slightly more 
than female, in our study male predilection was 
nearly equal to that in female [3].

For NBCCS, presence of multiple OKCs 
is considered as a major criteria. NBCCS, is 
an autosomal dominant syndrome that is 
characterised by nevoid basal cell carcinoma, 
mult iple OKCs,  palmar or plantar pits , 
calcifications of falx cerebri and other skeletal 
abnormalities, such as bifid, fused or splayed ribs. 
NBCCS is associated with mutations of the PTCH 
gene which has also been reported in isolated 
cases of OKC as well [1,11].

OKC is usually asymptomatic, patients 
with OKCs rarely complain of pain, swelling, 
discharge or paraesthesia of the lower lip due 
invasion of inferior alveolar nerve canal, thus 
this lesion is mostly an incidental radiographic 
finding and is often misdiagnosed as periapical 
cyst, lateral periodontal cyst, follicular cyst or 
Ameloblastoma. OKCs have been reported to 
acquire a periapical position in 33% of cases, 

21% cases show pericoronal position, 19% cases 
show lateral position with respect to tooth root 
whereas 27% cases show no relation to any tooth 
structure [12].

In the mandible, the OKCs tend to grow 
along the length of the bone, causing minimal 
antero-posterior expansion. However, in some 
cases, erosion of buccal and lingual cortices 
can be appreciated, whereas in the maxilla, 
expansion of the alveolar bone with thinning 
and perforation of the cortical bone has been 
reported in the literature [3,13]. This may be 
contributed to the greater thickness of mandible 
cortices than that of maxilla. Radiographically, 
OKCs appear as osteolytic lesions that may be 
unilocular or unilocular with incomplete septa or 
multilocular. The multilocular presentation is seen 
in large lesions giving a soap-bubble appearance. 
Tooth displacement or root resorption though 
uncommon but may be seen, with root resorption 
incidence being 1.3 to 11%. The perforation of 
the cortical bone is reported to be seen in nearly 
39 to 51% cases. Nearly 30% of OKCs have been 
found to be associated with impacted teeth, 
especially third molars [14,15].

The mainstay for diagnosis of OKC is 
histopathological examination. It characteristically 
shows a thin, friable wall that consists of 5-10 cell 
layers of parakeratinised squamous epithelium 
with a palisaded basal layer of columnar or 
cuboidal cells, with vertically oriented nuclei. 
No epithelial rete ridges are present, however 
budding of basal cells into the connective tissue 
leads to the formation of small satellite cysts, 
cords, or islands of odontogenic epithelium. 
The cystic lumen consists either of a clear 
transudate like liquid or some cheese like caseous 
material [16].

Talking about the biochemical composition 
of  OKC,  Tol ler ,  in  1970 reported that 
aspirate from OKC has soluble protein levels 
less than 3.5 g/100 ml whereas, the values 
for non-keratinising cysts are in the range 
5.0-11.0 g/100ml. He stated that a protein level 
of less than 4.0 g/100ml is diagnostic of OKC. 
However, inflammation leads to increased protein 
content, giving false negative diagnosis [17,18].

The choice of treatment modality is driven 
by the size and location of the cystic lesion, 
patient’s age, radiographical picture of the 
lesion and presence of cortical perforation or 
involvement of the surrounding soft tissue. The 
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treatment modalities include marsupialization, 
decompression, enucleation, peripheral 
ostectomy, chemical curettage, cryotherapy or 
marginal or segmental resection. The incidence of 
recurrence ranges from 2.5% to 62% as reported 
in the literature [8]. In 1976, Brannon suggested 
three reasons for OKC recurrence: Inadequate 
removal of the cyst lining, formation of a new 
OKC lesion from satellite cysts, and development 
of a new OKC in an adjacent area [19].

Marsupialization is a conservative treatment 
modality. After an opening is made, a window 
is maintained into the lesion through which 
its contents get abolished. Marsupialization 
followed by enucleation can be done for large 
cystic lesions so that the size gets reduced after 
marsupialization and enucleation is successful. 
Disadvantages are that it often requires two 
surgical procedures and the treatment time is 
quite long [20].

The advantages of  enucleat ion are 
complete removal of the cyst and a thorough 
histopathological examination. However, 
compromised vitality of adjacent teeth, damage 
to neurovascular bundle, and injury to adjacent 
anatomic structures, such as the maxillary sinus, 
floor of the nasal cavity, and the mandibular 
canal, may occur [20]. However, to avoid chances 
of recurrence, 1-2mm of peripheral ostectomy, 
beyond the lesion margins can be done [21], as 
we did in our patients and supplemented it with 
chemical cauterization using Carnoy’s solution. 
Treatment of OKC with Carnoy’s solution is done 
to prevent recurrence by eliminating the remnants 
of the cyst, but it may also damage adjacent bone 
and neurovascular bundle as it is neurotoxic and 
chemically fixes the nerves when in contact for 
more than 2 minutes, therefore the nerve should 
be protected using paraffin wax [22]. Stoelinga 
suggests removal of the overlying mucosa and 
use of Carnoy’s solution to avoid recurrence, he 
recommends a long term follow-up, regardless 
of the treatment modality [23,24].

According to Johnson et al., enucleation 
is associated with 30% chances of recurrence, 
whereas marsupialization when done alone has 
a recurrence rate of 18%, when done along with 
Cranoy’s solution application, the recurrence 
rate reduces to almost 8%. Resection has the 
lowest recurrent rate but causes highest patient 
morbidity [9].

There are no clear guidelines reported in 
literature regarding the follow-up period for 
OKCs, however studies recommend aggressive 
monitoring in the first five years of primary 
surgery as recurrence has been mostly reported 
within this period [16,25-27]. Pogrel suggested 
that patients should be followed-up every 
six months for the first two years, every 
year for the first five years, and every two 
years for the first ten years, with panoramic 
radiographs, irrespective of the treatment 
modality used [21] whereas Borghesi et al. 
suggested yearly radiographic follow-up during 
the first five years and every two or three years 
subsequently [3].We recommend a regular 
follow-up of patients for at least first five years, 
post-operatively and same was followed in the 
present study as well.

In the present study, the follow up protocol 
included the use of two dimensional x-ray imaging 
which has its own limitations in providing 
an exact size and spatial orientation of the 
lesion with an added risk of radiation. Use of 
other diagnostic modalities such as Magnetic 
Resonance Imaging (MRI), ultrasound and colour 
Doppler imaging, has been suggested in literature 
[28,29]. Along with providing three dimensional 
status of the lesion and being radiation free, these 
modalities provide information about the healing 
of overlying soft tissues as well.

CONCLUSION

Treatment of OKC using enucleation 
supplemented with 0.5mm of peripheral 
ostectomy, followed by chemical cauterization 
for 4 minutes using Carnoy’s solution is an 
effective treatment with zero recurrence rates 
for four to five years of follow-up. We suggest 
that low recurrence rate should be weighed 
against estimated patient morbidity, thus a 
less aggressive but equally effective treatment 
modality should be chosen.
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