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ORIGINAL

Application of "Dredging Method" for the patients
with odontogenic keratocyst.

Yoichi Ohiroa*), Wataru Kakuguchia), Yasuhito Moritania, b), Tetsuya Kitamurac)

Nako Maishid) and Kyoko Hidad)

ABSTRACT : 
　When conservative treatment such as enucleation is applied, odontogenic keratocyst (OKC) is a well-known 
jaw lesion with a high recurrence rate. Other treatment modalities aimed at preventing recurrence have been 
used for managing OKCs. In our institute, an alternative conservative approach, known as the dredging method, 
is applied in OKC treatment. This paper describes and reports the characteristics and outcomes of conservative 
treatments involving the dredging method and enucleation in the management of patients with OKC. 
　Seventy-four patients with OKC or keratocystic odontogenic tumor (KCOT) presented to Oral and 
Maxillofacial Surgery at Hokkaido University Hospital between 1983 and 2017. They were treated and followed 
for more than 12 months. The patients’ median age was 40 years (range 7‒72 years) and the median longitudinal 
diameter of the lesion was 30 mm (range 7‒128 mm). A total of 14 cysts (18.9%) were multilocular, as determined 
via radiographic evaluation. The surgical intervention consisted of enucleation alone in 17 cases (22.3%), deflation 
followed by enucleation in seven cases (9.5 %), and the dredging method in 50 cases. 
　Statistical significance associated with the size (P = 0.01) and locularity (P = 0.02) of the lesions was found 
between the cases treated with enucleation versus the dredging method. The median duration of follow-up was 
40 months (range 12 to 405 months). Recurrence occurred in 9 of 74 cases (12.2%), including 2 of 17 cases (11.8%) 
treated with enucleation and 7 of 57 cases (12.3 %) treated with the dredging method. The recurrence period 
ranged from 12 to 131 months. All recurrence cases were managed by enucleation. There was no correlation 
between recurrence and patient sex or age, lesion size or locularity, the presence of a daughter cyst, or surgical 
approach. These results suggest that the dredging method is a successful conservative treatment option for 
large, multilocular OKCs. Long-term regular follow-up is essential to identify and manage recurrent cases.
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Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 
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the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 

the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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Application of "Dredging Method" for the patients
with odontogenic keratocyst.
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Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 

the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.

Disclosure of conflict of interest

　The authors declare no conflicts of interest associated 
with this study.

References

1）　Johnson NR, Gannon OM, Savage NW, Batstone MD : 
Frequency of odontogenic cysts and tumors: a 
systematic review. J Investig Clin Dent 5 : 9-14, 2014.

2）　Jones AV, Craig GT, Franklin CD : Range and 
demographics of odontogenic cysts diagnosed in a 
UK population over a 30-year period. J Oral Pathol 
Med 35 : 500-507, 2006.

3）　Woo lgar  JA ,  R ipp in  JW,  Browne RM :  The  
odontogenic keratocyst and its occurrence in the 
nevoid basal cell carcinoma syndrome. Oral Surg 
Oral Med Oral Pathol 64 : 727-30, 1987.

4）　Woolgar JA, Rippin JW, Browne RM : A comparative 
study of the clinical and histological features of 
recurrent and non-recurrent odontogenic keratocysts. 
J Oral Pathol 16 : 124-128, 1987.

5）　Ph i l i p s e n  HP  :  On  k e r a t o c y s t  i n  t h e  j aw .  
Tandlaegebledet 60 : 963-981, 1956.

6）　Philipsen HP : Keratocystic odontogenic tumour. 
edited by Barnes L, Eveson JW, Reichart P, Sidransky 
D, WHO classification, Pathology and genetics of 
head and neck tumours, 306-307, IARC Press, Lyon, 
2005.

7）　Speight P, Devillers P, Li T-J, Odell EW, Wright JM : 
Odontogenic keratocyst. edited by El-Naggar AB, 
Chan JKC, Grandis JR, Takata T, Slootweg PJ, WHO 
classification of head and neck tumours, 235-236, 
IARC Press, Lyon, 2017.

Fig. 2  Residual cyst in dredging procedure.
　Residual cyst in removed newly formed bone (A, B) or 
scar tissue (C, D). A rectangle in A, C is magnified in B, D 
respectively. Scale bar in A: 500 μm, B, D: 100 μm and C: 2.5 
mm. All specimens are removed from deep site of the lesions 
that are not continuous with the oral mucosa or deflated area.

8）　Madras J, Lapointe H : Keratocystic odontogenic 
tumour: reclassification of the odontogenic keratocyst 
from cyst to tumour. J Can Dent Assoc 74 : 165-165h, 
2008.

9）　de Castro MS, Caixeta CA, de Carli ML, Ribeiro 
Júnior NV, Miyazawa M, Pereira AAC, Sperandio FF, 
Hanemann JAC : Conservative surgical treatments 
for nonsyndromic odontogenic keratocysts: a 
systematic review and meta-analysis. Clin Oral 
Investig 22 : 2089-2101, 2018.

10）　Al-Moraissi EA, Dahan AA, Alwadeai MS, Oginni 
FO, Al-Jamali JM, Alkhutari AS, Al-Tairi NH, 
Almaweri AA, Al-Sanabani JS : What surgical 
treatment has the lowest recurrence rate following 
the management of keratocystic odontogenic tumor?: 
A large systematic review and meta-analysis. J 
Craniomaxillofac Surg 45 : 131-144, 2017.

11）　Myoung H, Hong SP, Hong SD, Lee JI, Lim CY, 
Choung PH, Lee JH, Choi JY, Seo BM, Kim MJ : 
Odontogenic keratocyst : Review of 256 cases for 
recurrence and clinicopathologic parameters. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 91 : 
328-333, 2001.

12）　Yagyuu T, Kirita T, Sasahira T, Moriwaka Y, 
Yamamoto K, Kuniyasu H : Recurrence of keratocystic 
odontogenic tumor: clinicopathological features and 
immunohistochemical study of the Hedgehog 
signaling pathway. Pathobiology 75 : 171－176, 2008.

13）　Alstad V, Abtahi J : Surgical removal of keratocystic 
odontogenic tumours via a Le Fort I osteotomy 
approach: a retrospective study of the recurrence 
rate. Int J Oral Maxillofac Surg 46 : 434-439, 2017.

14）　Kawamura M, Inoue N, Kobayashi I, Ahmed M : 
“Dredging Method”-a new approach for the 
treatment of ameloblastoma. Asian J Oral Maxillofac 
Surg 3 : 81-88, 1991.

15）　Kawamura M, Inoue N, Kobayashi I, Ahmed M, 
Amemiya A, Kohgo T, Shindoh M, Iizuka T : 
Ameloblastoma treated by “Dredging Method”- 
report of a case. Asian J Oral Maxillofac Surg 3 : 89－
93, 1991.

16）　Kasahara K, Kobayashi I, Fujiwara T, Nishikata S, 
Totsuka Y, Fukuda H, Inoue N, Iizuka T, Shindoh M, 
Kohgo T, Amemiya A : Clinical Study of the 
odontogenic tumors. J. Jpn. Stomatol. Soc 43 : 661－
671, 1994. (in Japanese, abstract only available in 
English)

17）　Wright JM, Vered M : Update from the 4th Edition 
of the World Health Organization Classification of 
Head and Neck Tumours :  Odontogen ic  and 
Maxillofacial Bone Tumors. Head Neck Pathol 11 : 68－
77, 2017.

18）　Stoel inga PJ :  The treatment of odontogenic 
keratocysts by excision of the overlying, attached 
mucosa, enucleation, and treatment of the bony 
defect with carnoy solution. J Oral Maxillofac Surg 
63 : 1662-1666, 2005.

19）　Schmidt BL, Pogrel MA : The use of enucleation and 
liquid nitrogen cryotherapy in the management of 
odontogenic keratocysts. J Oral Maxillofac Surg 59 : 
726-727, 2001.

20）　Boffano P, Ruga E, Gal lesio C :  Keratocystic 
odontogenic tumor (odontogenic keratocyst) :  
preliminary retrospective review of epidemiologic, 
clinical, and radiologic features of 261 lesions from 
University of Turin. J Oral Maxillofac Surg 68 : 2994－
2999, 2010.

21）　Jung HD, Lim JH, Kim HJ,  Nam W, Cha IH :  
Appropriate follow-up period for odontogenic 
keratocyst: a retrospective study. Maxillofac Plast 
Reconstr Surg 43 : 16, 2021.

22）　Kuroyanagi N, Sakuma H, Miyabe S, Machida J, 
Kaetsu A, Yokoi M, Maeda H, Warnakulasuriya S, 
Nagao T, Shimozato K : Prognostic factors for 
keratocystic odontogenic tumor (odontogenic 
keratocyst) : analysis of clinico-pathologic and 
immunohistochemical findings in cysts treated by 
enucleation. J Oral Pathol Med 38 : 386-392, 2009.

23）　Morgan TA, Burton CC, Qian F : A retrospective 
review of treatment of the odontogenic keratocyst. J 
Oral Maxillofac Surg 63 : 635-639, 2005.



－66－

Yoichi Ohiro et al

Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 

the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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in much higher morbidity than other treatment 
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treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
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The aim of the dredging method is complete removal of 
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in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
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and/or cystic lesions in the mandible, including OKC [16].
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outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
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Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
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University Hospital. A total of 74 cases were identified as 
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presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
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　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
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procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 
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the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 
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the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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Introduction

　An odontogenic keratocyst (OKC) is a slow-growing, 
painless lesion that first presents radiographically as a 
large radiolucent mass. It is the third most common cyst 
of the jaws, representing 10 to 20% of all odontogenic 
cysts, and is most frequently localized in the mandible 
[1,2]. About 10% of cases involve multiple OKCs, half of 

keratocystic odontogenic tumor (KCOT) to better reflect its 
neoplastic nature [6]. The WHO then reversed its decision 
in 2017 and reclassified OKC as an odontogenic cyst 

“characterized by a thin, regular lining of parakeratinized 
strat i f ied squamous epithe l ium with pal isading 
hyperchromatic basal cells” [7]. 
　There is no consensus on the best treatment for 
managing OKC. High recurrence rates have been reported 
for most conservative treatment modalities, including 
enucleation alone (20.8 to 30.0%), enucleation with 
marsupialization (30.0 to 32.3%), marsupialization / 
decompression followed by enucleation (11.9 to 17.8%), 
and enucleation plus peripheral osteotomy (17.4 to 18.0%) 
[8-10]. The presence of daughter cysts and a multilocular 
pattern are two factors that have been associated with 
recurrence [11‒13]. In the treatment of large lesions, 
resection provides the lowest recurrence rate but results 
in much higher morbidity than other treatment 
approaches, including deformity and dysfunction from 
loss of jaw bone support.
　A conservative treatment protocol known as the 
dredging method offers an alternative to traditional 
treatment approaches. This method involves repeated 
dredging of the bony cavity after removing the cyst by 
enucleation alone or enucleation subsequent to deflation. 
The aim of the dredging method is complete removal of 
the lesion to accelerate the formation of new bone.
　First developed by our institute to manage other benign 
mandible lesions, the dredging method has been effective 
in treating 50 cases of ameloblastoma, resulting in no 
deformity or loss of jaw bone support and a low recurrence 
rate 16% [14,15]. Based on these results, our institute’s 
dredging method is now being used to treat other benign 
and/or cystic lesions in the mandible, including OKC [16].
　The aim of this retrospective study is to evaluate the 
outcomes of patients with OKCs treated at a single 
institute with the dredging method.  

Methods

1．Patients
　This study was approved by the Hokkaido University 
Hospital Clinical Research Administration Center (IRB No. 
015-0246). It is based on cases treated between 1983 and 
2017 in the Oral and Maxillofacial Surgery at Hokkaido 
University Hospital. A total of 74 cases were identified as 
meeting the following inclusion criteria: (1) a histopathologic 
diagnosis of OKC or KCOT; (2) a preserved medical 

record; (3) regular follow-up of >12 months; and (4) the 
presence of only a single lesion (to exclude the potential 
influence of symptomatic disease, such as nevoid basal 
cell carcinoma syndrome). 

2．Surgical procedure
　In our institute, the decision-making criteria for 
selecting a surgical procedure were as follows: (1) 
enucleation was selected for lesions with a clear bony 
outline; (2) marsupialization followed by enucleation or the 
dredging method was selected for lesions lacking a bony 
outline. Excision and reconstruction surgery were also 
presented as an option for large lesions, but a single 
patient did not accept it during the survey period. For the 
sake of convenience, seven cases treated with deflation 
followed by enucleation were included with the dredging 
cases in our analysis. Removal of newly formed bone 
adjacent to the cyst is common to both enucleation and 
the dredging procedure, as described below. Based on the 
information in the medical records, at least 15 surgeons 
performed the operations under the guidance of certified 
oral surgeons to ensure surgical procedure quality.
　The dredging method is a conservative surgical 
procedure that involves repeated dredging of the cyst 
cavity after deflation and enucleation or enucleation alone 
(Fig. 1). The conceptual and clinical rationale of our 
treatment approach are as follows. (1) In cases where a 
large cystic lesion is lacking a bony outline around the 
cyst, deflation is used to release intracystic pressure and 
to facilitate the formation of the bony outline. (2) 
Enucleation includes removal of some of the surrounding 

bone for histopathologic investigation, as residual cyst 
wall‒like squamous epithelium is observed in newly 
formed bone (Figs. 2A and 2B). The bony cavity remains 
deflated throughout treatment, and patients receive 
instructions on how to irrigate the cavity themselves. (3) 
Dredging follows enucleation to remove scar tissue that 
would hamper the formation of new bone. Based on how 
thick it becomes, newly formed bone is evaluated 
histopathologically to identify cyst remnants in the scar 
tissue (Figs. 2C and 2D). Dredging is repeated at 2- to 
3-month intervals to accelerate new bone formation until 
the bony cavity is filled with new bone or devoid of cysts 
as confirmed histopathologically in the scar tissue 
obtained from two consecutive dredgings. (4) Long-term 
follow-up is essential to the dredging method’s success 
because of the historically high recurrence rates 
associated with conservative treatment modalities.

3．Assessment of the lesion, clinical outcome, and 
prognosis of patients with recurrent OKC

　The longitudinal diameter of the lesions was measured 
on orthopantomogram (OPG). A lesion was determined to 
be multilocular based on the presence of a septum inside 
the lesion on OPG or computed tomography images or in 
the surgical record. The presence of a daughter cyst in the 
specimens was determined histopathologically at 
enucleation. A recurrence was defined as a new lesion 
arising during the fol low-up period, as identif ied 
radiographically, in an area where treatment was completed.

4．Statistical analysis
　The data were analyzed with Mann‒Whitney U test, 
chi-squared test, or Fisher’s exact test as appropriate, 
with the aid of Statistical Package for the Social Sciences 
(SPSS ver. 26.0, SPSS Inc., Chicago, IL, USA). Probabilities 
of <0.05 were designated as significant. 

Results

1．Patient characteristics
　Of the 125 patients with OKC treated at our institute, 
74 met the enrollment criteria of a histopathologic 
diagnosis, a preserved medical record, regular follow-up 
of >12 months, and the presence of only one lesion. 
Demographically, the patients ranged in age from 7 to 72 
years (median 41 years) and the male to female ratio was 
1.96:1. The lesion’s longitudinal diameter on OPG ranged 
from 7 to 128 mm (median 30 mm). Multilocular lesions 
were observed in 14 cases (18.9%), and a daughter cyst 
was histopathologically detected in 17 cases (23.0%). Of 
the 74 patients enrolled in the study, 57 (77.0%) were 
treated with the dredging method at least one time and 
not more than five times (median two times). Duration of 

follow-up ranged from 12 to 405 months with a median of 
40 months (Table 1).

2．Clinical features of cases treated with different 
modalities

　Because treatment selection was based on the presence 
of a bony outline around the lesion, clinical parameters 
were examined to identify any differences between the 
cases treated with enucleation alone or the dredging 
method (Table 2). Enucleation were performed in 17 cases 
(23.0%) and the dredging method in 57 cases (77.0%). The 
longitudinal diameter (P = 0.01) and locularity (P = 0.02) 
of the lesions showed statistical significance. There was 
no statistical significance between the cases treated by 
enucleation and the dredging method in the parameters 
of sex (P = 0.14), age (P = 0.40), or the presence of a 
daughter cyst (P = 0.22). 

3．Characteristics of recurrences
　Recurrence was observed in 9 (12.2%) of the 74 patients 
(Table 3). To elucidate the factors associated with 
recurrences, their clinical features were evaluated. The 
recurrence rate was higher in females (20.0%) than in 
males (8.2%), although the difference was not statistically 
significant (P = 0.14). The lesions with a daughter cyst 
had a higher recurrence rate (23.5%) than those without 
(8 .8%) , but statistical signif icance (P = 0.12) was 

undetected. Other factors such as age, longitudinal 
diameter, locularity, and treatment modality showed no 
correlation with recurrence.

4．Clinical features and prognosis of recurrent cases
　Details of the recurrent lesions are shown in Table 4. 
For cases treated with the dredging method, radiographic 
evidence of a recurrence was found as soon as 12 months 
and as late as 131 months (median 26 months) after the 
final dredging procedure, which we officially designated 
as the start of the follow-up period. All recurrent cases 
were treated with enucleation.
 

Discussion

　The purpose of this retrospective study was to 
investigate the clinical characteristics and outcomes of 
patients with OKC treated with conservative surgery, 
namely the dredging method, at a single institute. Our 
primary hypothesis was that differences in treatment 
approaches would influence the recurrence rate of OKCs. 
Our results showed no statistical difference in the 
recurrence rate of OKC treated with enucleation (11.8%) 
versus those treated with the dredging method (12.3%) 
(see Table 3). 
　A number of different surgical approaches have been 
used to reduce the recurrence rate of OKCs, including 

radical resection [17], simple enucleation, marsupialization / 
decompression with subsequent enucleation, and 
enucleation with or without Carnoy’s solution or 
cryotherapy [8,18,19]. According to the literature, the 
recurrence rate of OKC managed with conservative 
treatment ranges from 11.5 to 32.3% [8‒10]. Based on the 
results presented in this paper, the recurrence rate at 
our institute is equivalent to the lowest reported rate. 
　At our institute, decisions about which lesions to treat 
with enucleation and which to treat with the dredging 
method were primarily based on the presence of a bony 

outline around the lesion, which facilitates the lesion’s 
complete removal. Based on this criterion, the dredging 
method was the treatment assigned to large and 
multilocular lesions (see Table 2).
　Clinicopathologic features associated with OKC 
recurrence include lesion size and locularity (unilocular or 
multilocular), and the presence or absence of daughter 
cysts. The relationship between the lesion size and 
recurrence rate has not been determined [11‒13, 20, 21]. 
No statistically significant association between lesion size 
and the recurrence rate was found in this study despite 

which are diagnosed as arising from nevoid basal cell 
carcinoma syndrome [3,4]. 
　The term odontogenic keratocyst (OKC) was first used 
by Phi l ipsen in 1956 to describe an odontogenic 
developmental cyst arising from dental lamina remnants. 
Its classification has a complicated history [5]. In 2005, the 
World Health Organization (WHO)’s classification of head 
and neck pathology changed the entity’s name to 
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the fact that large lesions were treated with the dredging 
method. This result strongly suggests that the dredging 
method is an effective modality for treating large OKCs. 
Regarding locularity, multilocular lesions are known to 
recur at a higher rate than unilocular lesions [11,12,20,21]. 
In this study, there was no association between recurrence 
rate and locularity even though all multilocular lesions 
were treated with the dredging method (see Tables 2 
and 3). This result verifies the effectiveness of the 
dredging method in preventing recurrence in lesions 
associated with a high recurrence rate. The third feature 
possibly associated with recurrence, daughter cysts, 
remains under debate [6,13]. In our institute, OKC lesions 
with daughter cysts had a higher rate of recurrence 
(23.5%) than those without daughter cysts (8.8%), although 
the difference was not statistically significant (see Table 
3). This result is consistent with the findings of other 
investigators [11,22]. Further studies with larger sample 
sizes are needed to elucidate the influence of each of 
these probable prognostic features.
　The objective of the dredging method is twofold: to 
completely remove the lesion from the jaw and to 
accelerate the formation of new bone. To achieve this 
objective, dredging is performed every 3 to 4 months 
after the initial deflation of the cyst. At our institute, the 
median number of dredgings was two, which can be 
extrapolated to mean that in a single year, patients 
received a total of four surgical procedures comprising 
deflation, enucleation, and two dredgings (see Table 1). 
The number of surgeries and duration of this treatment 
approach, which might be seen as a disadvantage, is 
justified by the prioritization of clinical outcomes at our 
institute. Our study revealed that in regular follow-up, 
recurrences were detected between 12 and 131 months 
(median 26 months) after surgery, which corresponds to a 
previous study’s results [23], and all recurrent lesions 
were managed by enucleation. This result demonstrates 
that regular long-term fol low-up is an essent ia l  
component of an alternative conservative treatment 
approach such as the dredging method for successful 
management of patients with OKC. 
　Due to this study’s retrospective design, the apparent 
advantages of the dredging method as compared with 
enucleation were limited to the size and locularity of the 
treated lesions. Therefore, further prospective and 
multicenter studies are needed to obtain a fuller picture 
of the clinical outcomes of the dredging method in the 
treatment of OKC. 

Conclusion

　In this retrospective study, the recurrence rate of 
OKCs treated with conservative surgery in Oral and 
Maxillofacial Surgery at Hokkaido University was 12.2%. 
All large and/or multicystic lesions were treated with 
the dredging method instead of enucleation alone. The 
lack of statistical significance associated with recurrence 
rate between cases treated with enucleation versus the 
dredging method indicates that successful clinical 
outcomes are obtained in the treatment of large and 
multilocular OKCs when the dredging method is applied 
with a long-term follow-up.
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