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Keratocystic odontogenic tumor: systematic review with analysis
of 72 additional cases from Mumbai, India
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Objective. The aim of this systematic review was to assess the clinical and imaging findings of keratocystic odontogenic
tumor (KOT). This article also attempts to determine the prevalence of KOTs and orthokeratinized odontogenic cyst (OOC) in
the western Indian population and to compare demographic and radiographic findings of KOT of our cohort with that of the
rest of the world.
Study Design. Relevant publications on KOT were reviewed from the published literature from 1976 to March 2012. Data
regarding the 72 additional cases from Mumbai also were analyzed.
Results. Sixty-five reports were identified for this systematic review. The findings were divided into 4 global groups for
analysis. The prevalence of KOT was 0.0173% and that of OOC 0.0012%. Male sex, mandible, and the unilocular variation
were predominant for the additional cases.
Conclusions. The characterization of the KOT lesions was accomplished, taking into consideration the variations to the

western Indian population. (Oral Surg Oral Med Oral Pathol Oral Radiol 2013;115:128-139)
The World Health Organization (WHO) has recently
renamed odontogenic keratocyst as keratocystic odon-
togenic tumor (KOT) and reclassified this lesion in its
2005 edition of histologic classification of odontogenic
tumors.1 KOT is now defined as “a benign uni- or
multicystic intraosseous tumor of odontogenic origin
with a characteristic lining of parakeratinized stratified
squamous epithelium and potentially aggressive infil-
trative behavior. It may be solitary or multiple. The
latter is usually one of the stigmata of the inherited
nevoid basal cell carcinoma syndrome (NBCCS).” Cys-
tic jaw lesions that are lined by orthokeratinized epi-
thelium, therefore, do not form part of spectrum of
KOT,1 which remains a subject of controversy.2 The
orthokeratinized odontogenic cyst (OOC) was first rec-
ognized by Wright in 19813 and was then considered to
be the orthokeratinized variant of odontogenic kerato-
cyst.2 The first 2 editions of WHO’s classification of
odontogenic tumors also recognized this orthokera-
tinized variant.4 The orthokeratinized variety is now
recognized as an entirely different group of lesions
termed OOC.5
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The ethnic and genetic background of the Indian
subcontinent has only once been reported for odonto-
genic tumors in 2008.6 However, neither KOT nor
OOC was included as a part of that study. A pre-2005
systemic review (SR) on OKC and a post-2005 SR on
KOT7 were done without any input from the Indian
subcontinent. This reflects the unreported data from this
part of the world. KOTs are associated with inactiva-
tion of PTCH, the tumor suppressive gene. The in-
volvement of the genetic component suggests possible
ethnic variation. It is therefore vital that findings of
KOT from this part of the world be reported.

SR is defined as a summary of the medical literature
that uses explicit methods to search systematically,
appraise critically, and synthesize the world literature
on a specific topic.7

Current medical databases contain papers on the
radiographic findings, treatment, and recurrence rate of
OKC and KOT. It is of vital importance to appraise the
published material critically and organize it according
to its reliability. The rationale of the present study was
to identify and critically appraise the evidence currently
available in the literature. This SR also attempted to
determine the radiographic features of KOT. To obtain

Statement of Clinical Relevance

This study determines the radiographic and clinical
features more accurately for the Indian population,
which will help in further diagnosis of keratocystic
odontogenic tumor.
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a better appreciation of the demographic presentation
and the intriguing radiographic findings of KOT and
OOC, all of the cases of these conditions reported at the
Nair Hospital Dental College, Mumbai, over 9 years
were analyzed retrospectively.

The aim of present SR was to critically appraise the
clinical and radiographic findings of KOT from the
available literature. This article also attempts to deter-
mine the prevalence of KOT and OOC in the western
Indian population and to compare demographic and
radiographic findings of an additional 72 KOTs in our
cohort with that of the rest of the world.

MATERIALS AND METHODS
Systematic review
An SR for KOT was conducted by searching the med-
ical literature for the period from 1957 to March 2012
using the scientific databases namely Pubmed Plus,
Medline (Pre-Medline and Medline), Cochrane Data-
base of Systematic Reviews (evidence-based medi-
cine), Dentistry and Oral Sciences Source, Access Sci-
ence, Embase, Evidence-Based Medicine Reviews
Multifile, Google Scholar, ISI Journal Citation Reports,
and Ovid Multi-database. Search keywords included
were keratocystic AND odontogenic AND tumor OR
odontogenic AND keratocyst OR primordial. Search
was also conducted with the use of MeSH terms
“Odontogenic cysts” and “Odontogenic tumors.”

Inclusion criteria. All case series, histologically con-
firmed as a parakeratinized variety, were included in
this SR. In the pre-2005 literature, only those case
series with histopathologically confirmed parakera-
tinized variety were included. In the pre-2005 case
series where both orthokeratinized and parakeratinized
variety were reported, only parakeratinized reports
were selected. In case series where both parakeratinized
and syndromic KOTs were reported, only the parakera-
tinised KOTs were retained for analysis. Studies report-
ing odontogenic tumors including histopathologically
diagnosed KOT with details of clinical and radio-
graphic features of KOT were also selected. Studies
dealing with the management of KOT and providing
details of the clinical and radiographic features were
included in this SR. Studies on recurrent KOTs in
which clinical and radiographic features of primary
KOT was described were also included in this SR.

Exclusion criteria. All case series without histo-
pathologic confirmation of the lesion being a parakera-
tinized variety were excluded from this review. Studies
reporting exclusively mixed orthkeratinized and parak-
eratinized varieties were excluded from this review. In
mixed case series where both parakeratinized and syn-
dromic KOTs were reported, the syndromic cases were

excluded. Studies adhering to the pre-2005 nomencla-
ture of KOT and not differentiating the parakeratinized
and orthokerationized varieties were excluded from this
review. Syndromic cases of NBCCS were excluded
from this review, because multiple tumors in this syn-
drome are often not synchronous. Articles reporting
both ortho- and parakeratinized variety, with ambiguity
in the description of clinical and radiographic features
of the parakeratinized variety, were excluded. KOT
lesions associated with any other lesions were ex-
cluded. Articles on the peripheral or extraosseous vari-
ant of KOT were excluded.

Additional cases
The radiographic and pathologic records of cases diag-
nosed as KOT and OOC after 2005 and those diagnosed
as OKC before 2005 were retrieved from the Oral and
Maxillofacial Radiology and Oral Pathology archives
of the Nair Hospital Dental College. Cases were re-
viewed retrospectively by oral radiologists (K.S. and
F.K.) for radiographic findings and oral pathologists
(S.B. and R.D.) for histopathologic findings. The re-
viewers all had �5 years of experience in evaluating
radiographs or histopathologic slides. Cases were re-
viewed for a period of 9 years, from January 2001 to
December 2009. Patients with adequate histories and
relevant radiographic and histopathologic data were
included in this study. The radiographical and histo-
pathologic data were independently reviewed retro-
spectively to eliminate the subjective expectation bias
inherent to these kinds of studies. The histopathologic
reports and slides were revisited, and the parakera-
tinized variants were considered to be KOT and the
orthokeratinized variety OOC. Lesions reported as
mixed (both parakeratinized and orthokeratinized) va-
riety were excluded from this study. In case of dis-
agreement between reviewers, a mutual consensus was
obtained by a joint discussion.

In each case, age, sex, and radiographic data were
obtained from records, and final diagnosis was made on
the basis of histopathology. The various variables con-
sidered in this study were age, sex, arch and site of
lesion, nature (single/multiple) of occurrence, and ra-
diographic findings. The results obtained from these
data were compared with findings from the rest of the
world.

The maxillary lesions were grouped into 4 (pro-
posed) categories based on the radiographic extent
(Figure 1):

Class 1: lesions limited to the anterior segment of
maxilla (distal aspect of right canine to dis-
tal aspect of left canine).

Class 2: lesions limited to the posterior segment of
maxilla (from mesial aspect of first premo-

lar distally).
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Class 3: lesions that extended into both anterior and
posterior segments of the maxilla.

Class 4: lesions from third molar to third molar
crossing the midline.

Similarly, the mandibular lesions were grouped into
5 (proposed) categories (Figure 1):

Class 1: lesions limited to the anterior segment of
mandible (distal aspect of right canine to
distal aspect of left canine).

Class 2: lesions limited to the posterior segment of
mandible (mesial aspect of first premolar to
distal aspect of third molar).

Class 3: lesions extending into both anterior and
posterior segments of mandible.

Class 4: lesions from third molar to third molar
crossing the midline.

Class 5: lesions limited to posterior segment, angle
of the mandible, ramus, condyle, and coro-
noid process.

RESULTS
Systematic review
A total of 17,449 articles were found in the various
scientific databases with the search expressions relevant
to our study. Of these, 134 articles were searched for
compatibility with the inclusion and exclusion criteria
of the SR. A total of 65 articles4,5,8-71 were finally
selected for the SR. Some of the reports from the
post-2005 period did not differentiate the orthokera-
tinized and the parakeratinized forms of OKC so
needed to be rejected. The age range, sex distribution,
jaw distribution, clinical features, and radiologic details
were extracted from each of the series.

For the convenience of interpretation of the results of
SR, the results were mainly divided into 4 major groups
based on origin of the genetic family, namely, Ameri-
can, Caucasian, East Asian and Pacific, and African and

Fig 1. Class categories for maxilla and mandible.
South Asian. Each group represents a unique genetic
family shaped by shared history and geography. These
groups are characterized by distinctive patterns of allele
frequencies across the short tandem repeat loci.72 Al-
though all humans are connected by ancient common
origins, each of these genetic groupings shares a unique
relationship due to more intense and persistent contacts
within a geographic area. These groups are therefore
not based on racial or ethnic considerations.

The American group includes North and South
America, the Caucasian group includes Europe, the
African and South Asian group includes Africa and the
eastern, northern, and southern part of the Indian sub-
continent, and the East Asia and Pacific group includes
southeastern Asia and the Australian continent. For
comparative analysis, the groups of the present SR
were compared with the groupings of the previous SR
(Table I). The combined American and Caucasian
group of the present SR represented the combined
Western and Latin American group of the previous SR.
The other 2 groups mainly remained the same for both
the present and the previous SR. For the ease of com-
parison, the African and South Asian group and the
East Asian and Pacific group of the present SR will be
hitherto referred to as the African group and the East
Asian group, respectively.

The African group was represented by only 5 reports:
3 from Africa10,12,51 and 2 from the Indian subconti-
nent.63,68 The East Asian group was mainly represented
by reports from the East Asian region. There were no
reports from the Australian continent. The American
and Caucasian groups were fairly well distributed geo-

Table I. Comparison of global groupings of present
and previous systematic reviews (SRs)

Present SR groups Previous SR groups

American � Caucasian Western � Latin American
African and South Asian Subsaharan
East Asian and Pacific East Asian
graphically for the reports.
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The distribution of reports for the 4 global groups
were: 19 reports for the American group, 22 reports for
the Caucasian group, 5 reports for the African group,
and 19 reports for the East Asian group (Table II).
Table II also demonstrates the increased number of
reports, the total number of KOTs, and the increased
number of cases per year for each group compared with
the corresponding group from the previous SR.

The American, Caucasian, and East Asian groups
were fairly well represented, and the African group was
underrepresented in the number of reports. Despite the
highest number of reports coming from the Caucasian
group, the numbers of KOTs per year were much
higher for the African and East Asian groups. The
number of cases seen per year was highest for the
African region (8.93 per year) in a period of 62.3 years.
Globally, 6.35 new cases of KOT were seen annually
(Table II).

Male patients predominated in all of the global
groups, including the additional cases and the compar-
ative groups of both the SRs. The mean age of presen-
tation was higher for the American group of the present
SR and the African and Subsaharan group from both
the present and the previous SR (Table III). Swelling at
first presentation was significantly more frequent in the
East Asian and Caucasian groups, whereas KOT with-
out swelling was more frequent in the American reports
from the present SR (Table III). The American group
influenced the figures of the global group as well, with
KOT presenting without swelling globally. Pain at first
presentation was not a significant finding in any of the
global groups except the African group of the present
SR and the Subsaharan group of the previous SR (Table
III). This however needs to be interpreted with caution,
because there was only 1 report representing this fea-
ture in both SRs. Mandible was the most common site
for the groups, more significantly in the American
group (71%) and the Caucasian group (74%), except
for the African group of the present SR. Mandible was
also commonly affected in the additional cases (Table
III). Maxilla was predominant for the African group of
the present SR, in contrast to the finding of the previous
SR.

The frequent use of NA (information not available)
in Table IV demonstrates the paucity of radiologic
details noted in the earlier studies. Radiologic details
were noted in one East Asian report and in the present
study of additional cases.

Unilocular KOT was significantly more predominant
than the multilocular counterpart in all of the global
groups, including the additional cases, except for the
African group in the present SR and the Subsaharan

group in the previous SR (Table V).
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The borders of KOT were significantly well defined
in the East Asian group of the present and previous SRs
and the additional cases. Margins were poorly defined
in the American group of the present SR (Table V).
Buccolingual expansion was noted and present in the
East Asian group of both the present and the previous
SRs. This, however, was represented by only 1 report
for both SRs. Buccolingual expansion was also com-
mon for the additional cases (Table V). Root resorption
was noted and not a dominant feature for all of the
groups, but significantly higher in the East Asian group
of both SRs (Table V). This, again, was represented by
only 1 report in the previous SR and 2 reports in the
present SR. Association of KOT with unerupted tooth
was noted but not a common feature for any of the
groups (Table V).

Additional cases
Prevalence. During the 9-year period of study, a

total of 77 cases, including 72 KOTs and 5 OOCs, were
identified from a pool of 415,629 patients. This
amounted to an average of 8 new KOTs for each year
of the study. The prevalence of OOC was 0.0012% and
of KOT 0.0173% (Table VI). From here on, only the
results of KOT will be discussed.

Demographic data. The cases were in the range of
10-70 years at presentation with an average age of 30.7
years. An increased prevalence of KOT was seen in the
3rd (n � 24) and 2nd (n � 18) decades of life.

Male patients were predominantly affected, with 54
cases; female patients accounted for 18 cases; male-to-
female ratio of incidence was 3:1 (Table VII).

Anatomic location. Mandible was more commonly
involved, with 47 tumors in mandible and 18 in maxilla
(Table VIII). The overall mandibular-to-maxillary ratio
of KOT occurrence was 2.61:1. The remaining 7 KOTs
were multiple and not considered in the ratio. In the
multiple KOTs, mandible and maxilla both were in-
volved in 4 cases and mandible only was involved in 3
cases.

Site involved. According to the classification de-
scribed above, the KOT results were divided into the
following classes. In mandible, 7, 17, 6, 4, and 13
KOTs were class 1, 2, 3, 4, and 5, respectively, with
class 2 being most common. In maxilla 3, 13, 2, and 0
KOTs were class 1, 2, 3, and 4, respectively, with class
2 again being most common (Table VIII). The 7 mul-
tiple cases were excluded from this classification to
avoid overlap of cases.

Radiographic findings. KOTs appeared radiographi-
cally as well defined unilocular or multilocular radio-
lucencies. In 5 cases, radiographic data could not be
retrieved, so they were excluded when analyzing radio-

graphic findings. The 7 multiple cases also were ex-Ta pa M
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Table IV. Radiographic findings in the included reports

Author (year) n

Completely
radiolucent

Unilocular Multilocular

Well defined
Buccolingual

expansion
Antral

involvement
Root

resorption

Associated
with

unerupted
tooth

Y N Y N Y N Y N Y N Y N

Borello (1976)9 14 12 0 6 6 NA NA 2 12 NA NA NA NA NA NA
Mosadomi (1976)10 2 2 NA NA 2 NA NA NA NA NA NA NA NA NA
Chiang (1982)14 15 15 0 10 4 NA NA NA NA NA NA NA NA 7 7
Nielsen (1986)20 21 NA NA 17 4 NA NA NA NA NA NA NA NA NA NA
Haring (1988)22 60 60 0 44 16 27 33 NA NA NA NA 3 35 16 38
Tagesen (1990)24 38 38 0 34 4 NA NA NA NA NA NA NA NA NA NA
Crowley (1992)26 387 256 0 NA NA NA NA NA NA NA NA 100 109
Santos (1999)34 40 50 0 41 9 NA NA NA NA NA NA NA NA 10 50
Myoung (2001)38 256 NA NA NA NA NA NA NA NA NA NA NA NA 70 186
Ogunsalo (2007)51 3 3 0 NA NA NA NA NA NA NA NA NA NA NA NA
Yagyuu (2008)55 62 62 0 43 19 I NG NA NA NA NA NA NA NA NA NA
MacDonald-Jankowski

(2008)58
33 33 0 16 17 33 0 27 6 11 0 13 19 20 12

Ba (2010)60 274 I NG NA 184 62 NA NA NA NA NA NA NA NA NA NA
Ariji (2011)69 10 I NG NA 10 0 I NG NA NA NA NA NA 2 8 7 3
Additional cases 60 60 0 38 22 58 2 32 28 NA NA 16 35 28 32
Total 1,275 591 0 438 107 118 35 61 46 21 4 34 97 242 437

Y, Yes; N, no; NA, information not available.
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cluded from this variable, because our aim was not to
project the number of KOT lesions but the number of
cases of KOTs. Sixty cases of KOTs were finally eval-
uated for radiographic findings.

In mandible, 28 KOTs were unilocular and 18 were
multilocular; in the maxilla, 10 KOTs were unilocular
and 4 were multilocular (Tables III and V). Unilocular
variant was thus more common in both mandible and
maxilla.

Association with NBCCS. Two KOTs were found to
be associated with NBCCS; both were multiple KOT.
In one case multiple KOT occurred in the mandible,
and in the other case both mandible and maxilla were
involved. In our cohort we found 1 case of multiple
KOT associated with Marfan syndrome. However, be-
cause Marfan syndrome is not known to be associated
with KOT, this was considered to be an incidental
finding and included in the multiple KOT category. Out
of 7 cases of multiple KOTs (all male patients), only 2
were associated with NBCCS.

DISCUSSION
Systematic review
In 1984, Ahlfors et al.18 suggested that if the OKC was

Table VI. Prevalence of orthokeratinized odontogenic
cyst (OOC) and keratocystic odontogenic tumor (KOT)
in the Indian population

Lesion
No. of
cases

No. of patients
in cohort Prevalence

OOC 5 415,629 0.0012%
KOT 72 415,629 0.017%

Table VII. Keratocystic odontogenic tumor (KOT)
distribution by sex and age
Age (y) Male Female Total

0-9 0 0 0
10-19 13 5 18
20-29 18 6 24
30-39 13 0 13
40-49 6 4 10
50-59 1 1 2
60-69 2 0 2
70-79 1 2 3
Total 54 18 72

Table VIII. Distribution of keratocystic odontogenic
tumor (KOT) in maxilla and mandible according to
classification depicted in Figure 1

Class
1

Class
2

Class
3

Class
4

Class
5 Total

Mandible 7 17 6 4 13 47
Maxilla 3 13 2 0 — 18
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the question of modified treatment schedules would be
raised. Finally in 2005, published reports influenced the
WHO to reclassify the lesion as a tumor, mainly be-
cause of its parakeratinized variety and tendency to
recur.5 The parakeratinized variety is now identified as
KOT, a tumor, and the orthokeratinized variety as an
OOC, a cyst. It is well known that the inactivation of
PTCH, the tumor suppressor gene, is associated with
KOT.54 The presence of a genetic component suggests
that the patient’s genetic makeup, which is nothing but
“family history,” may have a significant role to play.
Moreover, the significant differences observed between
the global groups in earlier studies9,10,24,59 shows the
importance of genetic origin of the KOT patient. Also,
the presence of genetic component in KOT cases makes
it important to compare data between different groups.
It was therefore decided to compare KOT findings of
different global groups and the additional 72 cases of
our study. The “world data” were divided into 4 groups.
These groups are based on genetic divisions, in contrast
to the ethnic division in the previous SR.7 It was
believed that these genetic divisions would add a dif-
ferent perspective to the understanding of KOT and aid
in promoting future research.

In the previous SR,7 the Indian subcontinent was not
reported, either in the reports included in the SR or in
the reports excluded from the SR. This, coupled with
the lack of data from the Indian subcontinent on KOT
and OOC, initiated this study. To the best of our knowl-
edge, this is the first such compilation of KOT on an
Indian population, demonstrating the analysis of vari-
ous presentations of KOT. There are certain variations
and concordance in the present study compared with
the earlier reports and studies on KOT. This article
attempts to compare the results from the present study
with that of the 4 global groups of the present SR.

The figures representing the African group.10,51,63,68

should be interpreted with caution owing to the paucity
of reports from this region. It was expected that the
findings of the additional cases would match those from
the African and South Asian community because of the
genetic belonging and geographic proximity.

The exclusion of OOC and syndromic cases was
necessary because they are completely different le-
sions. The additional exclusion of the mixed cases was
desirable because they appear to be intermediate in
behavior between KOT and OOC. Isolated case reports
were excluded because they would not add much to the
clinical or radiographic features of that particular
group.

It was decided to analyze articles published both
before and from 2005 onward that comply with the
current microscopic definition of KOT and strictly dis-

tinguish the orthokeratinizing from the parakeratinizing
type. Although a number of the pre 2005 articles met
this requirement, it was sometimes impossible to ex-
tract full clinical and radiographic data on patients with
the parakeratinizing type. It was also surprising that
even after the introduction of the 2005 KOT concept,
some workers worked with the old 1992 terminology.

The significantly greater number of reports for
the East Asian,14,16,19,28,32,35,37,38,43,49,52,53,55,58,69-71

American,4,9,11,14,21,22,26,27,31,33,42,45,47,50,64,66 and Cau-
casian8,13,15,17,18,20,23-25,29,30,36,39,40,41,44,52-54,56,57 groups
may reflect their earlier commencement of record keep-
ing, regular dental and radiographic examinations, and
increased awareness. The paucity of reports from the
African and South Asian10,12,51,63,68 groups depicts
poor awareness and record keeping. The East Asian and
African and South Asian groups presented with signif-
icantly higher number of cases reported per year. There
was a significant difference between the number of
cases reported in the African group of the present SR
and the Subsaharan group of the previous SR. This
could be attributed to the addition of a few of reports
from the Indian subcontinent to this group, with a large
number of cases added by a Sri Lankan report.68 The
higher number of KOTs per year in the African and
East Asian groups indicates a higher incidence of KOT
in these groups, indicating the need to increase aware-
ness.

Although the mean age of presentation was higher
for the American group of the present SR, a combined
analysis of the American and Caucasian groups of the
present SR did not reflect a higher mean age of presen-
tation. This was also in agreement with the finding of
the combined Western and Latin American group of the
previous SR. This brings forth the point that despite
increased awareness for the American group, the mean
age of presentation for this group is higher. This was in
contrast to the poor awareness for the other groups and
lower mean age of presentation. It could therefore be
inferred that KOT for the groups other than the Amer-
ican may be occurring at a much earlier age than what
is reflected in the Table III.

The incidence of pain and the multilocular nature of
the KOT were significantly more common for the Af-
rican group of the present SR and the Subsaharan group
of the previous SR. This, however, needs to be inter-
preted with caution, because there was only 1 report
representing these features in both SRs.

Maxilla predominated over mandible in the African
group of the present SR. This was because of the
addition of the reports from the Indian subcontinent.
Though mandible predominated in the Indian report,
maxilla dominated the Sri Lankan report, adding a large

number of cases to that group.
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The East Asian,32,38,58 Caucasian,48 and African10

groups presented with significantly more cases of
swelling. The American9,22,26,42,45 KOT did not com-
monly present with a swelling. This may be because
East Asians and the Africans are probably more likely
to present with a swelling due to the increased size of
the lesion because of poor awareness. The American
KOT was probably diagnosed earlier before it increased
in size. It needs to be emphasized that size of the KOT
was not a feature for the articles included for these
groups.

Although swelling was common in the Caucasian
group, the combined American and Caucasian group
did not dominate with swelling. This could be attrib-
uted to a large number of nonswelling cases added by
the American group. The corresponding Western and
Latin American group of the previous SR demonstrated
a marginally increased number of KOTs with swelling.

Buccolingual expansion was also found to be signif-
icantly higher in the East Asian reports14,38,55,58 of both
SRs. The combined American and Caucasian group of
the present SR and the combined Western and Latin
American group of the previous SR did not present with
buccolingual expansion. There was no information
available regarding this feature for the other groups.
Theoretically, KOTs are known to demonstrate mini-
mal buccolingual expansion except in a large-sized
KOT.73 It could therefore be inferred that some com-
munities are prone to buccolingual expansion in KOT.

Philipsen recently stated that root resorption was a
rarity in KOT.6 The East Asian51 and American22

groups of the present SR and the additional cases from
the present study reported root resorption in 40%, 8%,
and 31% of cases, respectively. A significantly higher
number of KOTs with root resorption were present in
the East Asian group of both the present and the pre-
vious SR. Therefore, although root resorption is not
common, it may not be rare in certain populations.

Both buccolingual expansion and root resorption

Table IX. Statistical analysis (�2) of clinical and radio
Clinical features

Male:female, additional cases vs. Caucasian
Male:female, additional cases vs. East Asian
Male:female, additional cases vs. African
Male:female, additional cases vs. American
Mandible: maxilla: additional cases vs. African
Mandible: maxilla: East Asian vs. American

Radiographic features
Unilocular:multilocular, additional cases vs. Caucasian
Unilocular:multilocular, east Asian vs. Caucasian
Marginal definition, additional cases vs. American
Root resorption, additional cases vs. American

Only statistically significant results are given in this table.
were significantly more common in the East Asian
group. The reader needs to be cautioned, however,
because buccolingual expansion was represented by 1
report and root resorption by 2 reports.

The significant association of the American group22

and additional cases with unerupted tooth was surpris-
ing, particularly because of the high incidence of pro-
phylactic removal of impacted teeth in the American
group and the low incidence of prophylactic removal of
impacted teeth in the additional cases cohort.

Findings of border definition for the combined
American and Caucasian group were consistent with
the Western and Latin American group of the previous
SR.

The frequency of NA in Table IV indicates that the
SR-included case series reported few radiologic fea-
tures beyond the fact that KOT is a radiolucency that
presents with a unilocularity or multilocularity.

Additional cases
The percentage of OOC in the Indian community was
found to be 6.5%. This was lower than 11% for the
Western group but in concurrence with 7% for Subsa-
haran and 8% each for the Latin American and East
Asian groups of the previous SR.7

The percentage of KOT in the additional cases was
93.5%. This again was in concurrence with the Subsa-
haran (93%), Latin American (92%), and East Asian
(92%) groups but more than the Western group (89%)
from the previous SR.7

Male patients were predominantly affected by
KOT compared with female patients in the present
study (Table III). The male-to-female ratio of the
additional cases showed statistically significant dif-
ference from the other global groups of this
SR9,10,14,17,21-22,25,26,37,38,42,45,47-53,62-65,68-71 (Table IX). The
Indian male patient is at threefold risk to be affected by
KOT compared with the Indian female patient. For the
rest of the world groups, the male risk element ranges

ic features

�2 � 3.855 (1 df); P � .0496 Significant
�2 � 5:16 (1 df); P � .0231 Significant
�2 � 8.168 (1 df); P � .0043 Significant
�2 � 7.544 (1 df); P � .0043 Significant
�2 � 39.117 (1 df); P � .001 Significant
�2 � 108.4 (1 df); P � .0001 Significant

�2 � 7.243 (1 df); P � .0071 Significant
�2 � 9.344 (1 df); P � .0022 Significant
�2 � 36.30 (1 df); P � .0001 Significant
�2 � 5.81 (1 df); P � .0159 Significant
graph
from 1.3 to 1.6 times that of the female. It could
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therefore be inferred that the Indian male is at a higher
risk for KOT than his global counterparts.

The 3rd decade was predominant for both male and
female patients in the additional cases (Table VII). The
percentage of cases presenting in the 3rd decade was
33% in our study group. This was in contrast to the
female predominance in the 1st decade and the male
predominance in the 3rd decade for the earlier stud-
ies.9,10,14,20,25,32,38,45,47,53,58

Mandible was involved twice as many times as max-
illa in the additional cases. Seven multiple lesions were
exempted from this count to avoid case overlap and
misleading to more number of KOTs than the number
of patients. However among multiple KOTs, mandible
slightly predominated over maxilla. This data was not
available for the rest of the world hence comparative
analysis could not be established.

Mandibular predominance was more or less in agree-
ment with that of the rest of the world data except the
African group10,51,63,68 (Table III). The mandible-to-
maxilla ratio of the additional cases showed statistically
significant difference from the African group of the
present SR (Table IX). This could be attributed to the
limited number of reports for this parameter and a
report from Sri Lanka with maxillary predominance
adding 285 cases to the group.68

To establish the common site affected in either jaws,
it was attempted to divide the mandible into 5 classes
and maxilla into 4 classes (Figure 1). The most com-
mon class involved for both maxilla and mandible was
class 2, which involved area extending from the distal
surface of canine to the distal surface of the second/
third molar, followed by class 5 (combination of pos-
terior segment, angle, ramus, and condyle) and class 1
(anterior segment; Table VIII), with class 4 (extending
from right third molar to left third molar) being a rare
site. This could be because the lesion could have been
incidentally picked up early by either the clinician or
the oral radiologist during routine examinations. The
other possibility could be that the patient may be re-
porting early to the clinician before it extends enough to
the posterior and anterior segment bilaterally.

An attempt was also made to retrieve the unilocular
or multilocular nature of the lesion. Excluding 7 mul-
tiple cases and 5 cases in which radiographic data could
not be retrieved, the radiographic nature could be ana-
lyzed in 60 cases. Unilocular KOT was found to be
more common in maxilla as well as mandible. The
unilocular-to-multilocular ratio of the additional cases
showed statistically significant difference in the Cau-
casian and African groups of the present SR10,51,20,24

(Table IX). This was because of the paucity of reports
from the African group10,51 and unilocular variant being

�6 times more common in the Caucasian group20,24 com-
pared with 1.2-2.9 times for the other groups, including
the additional cases.

In our population, unilocular variant (63.3%) was
more dominant than multilocular variant, which is in
concurrence with the American9,22,34,26 (unilocular
74.5%), and Caucasian20,24 (unilocular 86.4%), and
East Asian14,38,55,58 (unilocular 54.7%) groups, but in
contrast to the African group10 (unilocular 0).

The East Asian group58 and the additional cases had
a good marginal definition for the KOT in contrast to
the poorly defined borders of the American KOT.22

Information for the other groups was not available for
this parameter (Table IV). The well-to-poorly defined
KOT ratio of the additional cases therefore showed
statistically significant difference in the American
group22 of the present SR (Table IX).

Information on root resorption for the African51 and
Caucasian20,24 groups was not available (Table V).
Root resorption, though not a prominent feature for the
other groups, was statistically more common in the
American group than in the additional cases (Table IX).

CONCLUSION
The present SR concludes that KOT presents as a
painless lesion. Swelling could be an occasional finding
in certain populations. Mandible remains the most com-
mon site for KOT. Buccolingual expansion could be
expected in the East Asian community. The unilocular
variety is more predominant. Root resorption may be an
occasional feature in the East Asian community. It
could also be concluded that radiographic features were
the most neglected part of KOT in earlier studies.

This retrospective study of 72 KOTs and 5 OOCs
attempts to reveal findings of KOT as seen in the Indian
diaspora. The Indian male was at a higher risk for KOT.
The 3rd decade predominance in the additional cases
was in concurrence with earlier findings. For the addi-
tional cases, both male and female patients predomi-
nated in the 3rd decade as against female predominance
in the 1st decade and male in the 3rd decade in earlier
studies. Mandibular and unilocular predominance was
in compliance with the earlier studies.

A comparative analysis of our findings with the rest
of the world groups (Tables III and V) reveals that the
overall KOT features for the additional cases are in
concurrence with their global counterparts.

REFERENCES
1. Kramer IRH, Pindborg JJ, Shear M. Histological typing of odon-

togenic tumours: international histological classification of tu-
mours. 2nd ed. London: Springer Verlag; 1992. p. 35-6.

2. Slootweg PJ. Lesions of the jaws. Histopathology 2009;
54:401-18.

3. Wright JM. The odontogenic keratocyst: orthokeratinized vari-

ant. Oral Surg Oral Med Oral Pathol 1981;51:609-18.



ORAL AND MAXILLOFACIAL RADIOLOGY OOOO
138 Sansare et al. January 2013
4. González-Alva P, Tanaka A, Oku Y, Yoshizawa D, Itoh S,
Sakashita H, et al. Keratocystic odontogenic tumour: a retrospec-
tive study of 183 cases. J Oral Sci 2008;50:205-12.

5. Philipsen HP. Keratocystic odontogenic tumour. In: Barnes L,
Eveson J, Reichart P, Sidransky D, editors. WHO classification
of tumours. Pathology and genetics of tumours of the head and
neck. Lyon: International Agency for Research on Cancer; 2005.
p. 306-7.

6. Sriram G, Shetty RP. Odontogenic tumors: a study of 250 cases
in an Indian teaching hospital. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008;105:e14-21.

7. MacDonald-Jankowski DS. Keratocystic odontogenic tumour:
systematic review. Dentomaxillofac Radiol 2011;40:1-23.

8. Rud J, Pindborg JJ. Odontogenic keratocyst: a followup study of
21 cases. J Oral Surg 1969;27:323-30.

9. Borello ED. Keratocysts. Trib Odontol (B Aires); 1976;60:
226-46.

10. Mosadomi A. Keratinizing odontogenic cysts: histologic obser-
vations. Aust Dent J 1976;21:347-51.

11. Brannon RB. The odontogenic keratocyst. A clinicopathologic
study of 312 cases. Part I. Clinical features. Oral Surg Oral Med
Oral Pathol 1976;42:54-72.

12. Cohen MA, Shear M. Histological comparison of parakeratinised
and orthokeratinised primordial cysts (keratocysts). J Dent Assoc
S Afr 1980;35:161-5.

13. Anniko M, Anneroth G, Bergstedt H, Ramström G. Jaw cysts
with special regard to keratocyst recurrence. A long-term fol-
lowup. Arch Otorhinolaryngol 1981;233:261-9.

14. Chiang CP. The odontogenic keratocyst. A clinicopathologic
study of 18 cases. Taiwan Yi Xue Hui Za Zhi 1982;81:414-20.

15. Balercia L, Bearzi I, Pierantonelli L, Balercia P, Gorrieri O.
Keratocysts. Minerva Stomatol 1983;32:521-8.

16. Geng WJ. Odontogenic keratocyst—report of 120 cases. Zhon-
ghua Kou Qiang Ke Za Zhi 1983;18:90-3.

17. Ahlfors E, Larsson A, Sjögren S. The odontogenic keratocyst: a
benign cystic tumour? J Oral Maxillofac Surg 1984;42:10-9.

18. Blondeau F, Morency R, Maranda G. Keratocysts of the jaws.
Union Med Can 1986;115:124-6.

19. Chen CH, Lin CC. Clinical and histopathological study of the
odontogenic keratocyst—a follow-up study of 16 cases. Gaox-
iong Yi Xue Ke Xue Za Zhi 1986;2:601-7.

20. Nielsen PM, Berthold H, Burkhardt A. Odontogenic keratocyst-a
retrospective study of its clinical picture, radiology, pathohistol-
ogy and therapy. Schweiz Monatsschr Zahnmed 1986;96:577-87.

21. Rodu B, Tate AL, Martinez MG Jr. The implications of inflam-
mation in odontogenic keratocysts. J Oral Pathol 1987;16:
518-21.

22. Haring JI, van Dis ML. Odontogenic keratocysts: a clinical,
radiographic, and histopathologic study. Oral Surg Oral Med
Oral Pathol 1988;66:145-53.

23. Kakarantza-Angelopoulou E, Nicolatou O. Odontogenic kerato-
cysts clinicopathologic study of 87 cases. J Oral Maxillofac Surg
1990;48:593-9; discussion 599-600.

24. Tagesen J, Jensen J, Sindet-Pedersen S. Comparative study of
treatment of keratocysts by enucleation, enucleation combined
with cryotherapy or fixation of the cyst membrane with Carnoy’s
solution followed by enucleation: a preliminary report. Tandlae-
gebladet 1990;94:674-9.

25. Brøndum N, Jensen VJ. Recurrence of keratocysts and decom-
pression treatment. A long-term follow-up of forty-four cases.
Oral Surg Oral Med Oral Pathol 1991;72:265-9.

26. Crowley TE, Kaugars GE, Gunsolley JC. Odontogenic kerato-
cysts: a clinical and histologic comparison of the parakeratin and

orthokeratin variants. J Oral Maxillofac Surg 1992;50:22-6.
27. Anand VK, Arrowood JP Jr, Krolls SO. Odontogenic kerato-
cysts: a study of 50 patients. Laryngoscope 1995;105:14-6.

28. Ong ST, Siar CH. Odontogenic keratocysts in a Malaysian pop-
ulation: clinical, radiological and histological considerations.
Ann Dent Univ Mal 1995;2:9-14.

29. Marker P, Clausen PP, Henning LB, Bastian HL. Treatment of
large odontogenic keratocyst by decompression and later cystec-
tomy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1996;82:122-31.

30. El-Hajj G, Anneroth G. Odontogenic keratocysts—a retrospec-
tive clinical and histologic study. Int J Oral Maxillofac Surg
1996;25:124-9.

31. Fihlo MSA, Radoes PV, Bremm TS. Prevalence of orthokerati-
nization or parakeratinization in odontogenic keratocysts. Rev
Fac Odontol P Alegre 1997;38:36-9.

32. Chow HT. Odontogenic keratocyst: a clinical experience in Sin-
gapore. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1998;86:573-7.

33. Francone S, Aimetti M, Tarello F, Berrone S. Odontogenic
keratocysts. Review of a series of cases and long-term clinical-
control. Minerva Stomatol 1999;48:257-63.

34. Santos AM, Soares Yurgel L. Odontogenic keratocysts. An eval-
uation of parakeratinised and orthokeratinised variants. Rev Od-
ontolCienca 1999;27:61-86.

35. Bolbaran V, Martinez B, Rojas R. Odontogenic keratocysts. A
retrospective study of 285 cases. (I. Clinical aspects). Med Oral
2000;5:331-7.

36. Bolbaran V, Martinez B, Rojas R. Odontogenic keratocysts. A
retrospective study of 285 cases. (II. Histopathological aspects).
Med Oral 2000;5:338-44.

37. Kimi K, Kumamoto H, Ooya K, Motegi K. Immunohistochem-
ical analysis of cell-cycle– and apoptosis-related factors in lining
epithelium of odontogenic keratocysts. J Oral Pathol Med
2001;30:434-42.

38. Myoung H, Hong SP, Hong SD, Lee JI, Lim CY, Choung PH, et
al. Odontogenic keratocyst: review of 256 cases for recurrence
and clinicopathologic parameters. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2001;91:328-33.

39. Stoelinga PJ. Long-term follow-up on keratocysts treated accord-
ing to a defined protocol. Int J Oral Maxillofac Surg 2001;30:
14-25.

40. Sortino F, Buscemi R. Clinical-statistic survey regarding odon-
togenic keratocysts in a sample of population in Eastern Sicily.
Minerva Stomatol 2002;51:361-9.

41. Monteiro L, de la Pena J, Fonseca L, Paiva A, do Amaral B.
Odontogenic cysts—a descriptive clinicopathological study.
Braz J Oral Sci 2005;4:670-5.

42. Morgan TA, Burton CC, Qian F. A retrospective review of
treatment of the odontogenic keratocyst. J Oral Maxillofac Surg
2005;63:635-9.

43. Chirapathomsakul D, Sastravaha P, Jansisyanont P. A review of
odontogenic keratocysts and the behavior of recurrences. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101:5-9.

44. Meningaud JP, Oprean N, Pitak-Arnnop P, Bertrand JC. Odon-
togenic cysts: a clinical study of 695 cases. J Oral Sci
2006;48:59-62.

45. Antunes A, Linard Avelar R, de Santana Santos T, de Souza
Andrade E, Dourado E. Keratocystic odontogenic tumour; anal-
ysis of 69 cases. Rev Bras Cir 2007;36:80-2.

46. Driemel O, Rieder J, Morsczeck C, Schwarz S, Hakim SG,
Müller-Richter U, et al. Comparison of clinical immunohisto-
chemical findings in keratocystic odontogenic tumours and
ameloblastomas considering their risk of recurrence. Mund

Kiefer Gesichtschir 2007;11:221-31.



OOOO ORIGINAL ARTICLE
Volume 115, Number 1 Sansare et al. 139
47. Grossmann SM, Machado VC, Xavier GM, Moura MD, Gomez
RS, Aguiar MC, Mesquita RA. Demographic profile of odonto-
genic and selected nonodontogenic cysts in a Brazilian popula-
tion. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2007;104:e35-41.

48. Habibi A, Saghravanian N, Habibi M, Mellati E, Habibi M.
Keratocystic odontogenic tumour: a 10-year retrospective study
of 83 cases in an Iranian population. J Oral Sci 2007;49:229-35.

49. Jing W, Xuan M, Lin Y, Wu L, Liu L, Zheng X, et al. Odonto-
genic tumours: a retrospective study of 1642 cases in a Chinese
population. Int J Oral Maxillofac Surg 2007;36:20-5.

50. Kolokythas A, Fernandes RP, Pazoki A, Ord RA. Odontogenic
keratocyst: to decompress or not to decompress? A comparative
study of decompression and enucleationvs. resection/peripheral
ostectomy. J Oral Maxillofac Surg 2007;65:640-4.

51. Ogunsalu C, Daisley H, Kamta A, Kanhai D, Mankee M, Ma-
haraj A. Odontogenic keratocyst in Jamaica: a review of five new
cases and five instances of recurrence together with comparative
analyses of four treatment modalities. West Indian Med J
2007;56:90-5.

52. Ali MA. Expression of extracellular matrix metalloproteinase
inducer in odontogenic cysts. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008;106:258-63 study of 183 cases. J Oral
Sci 2008;50:205-12.

53. Luo HY, Li TJ. Odontogenic tumours: a study of 1309 cases in
a Chinese population. Oral Oncol 2009, 2009;45:706-11.

54. Madras J, Lapointe H. Keratocystic odontogenic tumour: reclas-
sification of the odontogenic keratocyst from cyst to tumour. J
Can Dent Assoc 2008;74:165–5h.

55. Yagyuu T, Kirita T, Sasahira T, Moriwaka Y, Yamamoto K,
Kuniyasu H. Recurrence of keratocystic odontogenic tumour:
clinicopathological features and immunohistochemical study of
the hedgehog signaling pathway. Pathobiology 2008;75:171-6.

56. El-Gehani R, Orafi M, Elarbi M, Subhashraj K. Benign tumours
of orofacial region at Benghazi, Libya: a study of 405 cases. J
Craniomaxillofac Surg 2009;37:370-5.

57. Gosau M, Draenert FG, Müller S, Frerich B, Bürgers R, Reichert
TE, Driemel O. Two modifications in the treatment of kerato-
cystic odontogenic tumours (KCOT) and the use of Carnoy’s
solution (CS)—a retrospective study lasting between 2 and 10
years. Clin Oral Investig 2010;14:27-34.

58. MacDonald-Jankowski DS, Li TKL. Keratocystic odontogenic
tumour in a Hong Kong community: the clinical and radiological
features. Dentomaxillofac Radiol 2010;39:167-75.

59. Poramate P-A, André C, Nicoleta O, Dhanuthai K, Bertrand J-C,
Bertolus C. Management of odontogenic keratocysts of the jaws:
a ten-year experience with 120 consecutive lesions. J Cranio-
maxillofac Surg 2010;38: 358-64.

60. Ba K, Li X, Wang H, Liu Y, Zheng G, Yang Z, et al. Correlation
between imaging features and epithelial cell proliferation in
keratocystic odontogenic tumour. Dentomaxillofac Radiol
2010;39:368-74.

61. Zecha JA, Mendes RA, Lindeboom VB, van der Waal I. Recur-

rence rate of keratocystic odontogenic tumor after conservative
surgical treatment without adjunctive therapies—a 35-year single
institution experience. Oral Oncol 2010;46:740-2.

62. Wakah M, Okawa Y, Yamamoto-otonari M, Kamio T, Sakamoto
J, Yamamoto A, et al. Reliance on diagnostic elements in pan-
aromic imaging with focus on ameloblastoma and Keratocystic
odontogenic tumour: psychometric study. Bull Tokyo dent. Coll
2011;52:1-12.

63. Varkhede A, Tupkari JV, Sardar M. Odontogenic tumors: a study
of 120 cases in an Indian teaching hospital. Med Oral Patol Oral
Cir Bucal 2011;16:e895-9.

64. Tonietto L, Borges HO, Martins CA, Silva DN, Filho MS.
Enucleation and liquid nitrogen cryotherapy in the treatment of
Keratocystic odontogenic tumors: a case series. J Oral Maxillo-
fac Surg 2011;69:e112-7.

65. Shudou H, Sasaki M, Yamashiro T, Tsunomachi S, Takenoshita
Y, Kubota Y, et al. Marsupialisation for keratocystic odontogenic
tumours in the mandible: longitudinal image analysis of tumor
size using 3D visualised CT scans. Int J Oral Maxillofac Surg
2012;41:290-6.

66. Leite TC, Meirelles JR, Janini MER. Odontogenic keratocystic
tumor: a clinical and histopathologic retrospective study based
on the new WHO classification. Int J Odontostomat 2011;5:
227-34.

67. Mello LA, Gurgel CA, Ramos EA, de Souza RO, Schlaepfer-
Sales CB, de Azevedo RA, dos Santos JN. Keratocystic odon-
togenic tumour: an experience in the northeast of Brazil. Srp Arh
Celok Lek 2011;139:291-7.

68. Siriwardena BSM, Tennakoon TMPB, Tilakaratne WM. Relative
frequency of odontogenic tumors in Sri Lanka: analysis of 1677
cases. Pathol Res Pract 2012;208:225-30.

69. Ariji Y, Morita M, Katsumata A, Sugita Y, Naitoh M, Goto M,
et al. Imaging features contributing to the diagnosis of amelo-
blastomas and keratocystic odontogenic tumors: logistic regres-
sion analysis. Dentomaxillofac Radiol 2011;40:133-40.

70. Zhou H, Hou R, Ma Q, Wu K, Din Y, Qin R, Hu K. Secondary
healing after removal of large keratocystic odontogenic tumor in
the mandible: enucleation followed by open packing of iodoform
gauze. J Oral Maxillofac Surg 2012;70:1523-30.

71. Zhao Y, Liu B, Cheng G, Wang S-P, Wang Y-N. Recurrent
keratocystic odontogenic tumors: report of 19 cases. Dentomax-
illofac Radiol 2012;41:96-102.

72. Valaitis E, Martin L. A new genetic map of living humans in
interconnected world region. DNA tribes 2010:6-9.

73. White SC, Pharoah MJ. Oral radiology. Principles and interpre-
tation. 6th ed. St Louis: Mosby; 2009. p. 351–3.

Reprint requests:

Kaustubh Sansare, BDS, MDS
Oral Medicine and Radiology
Nair Hospital and Dental College
Mumbai
India

kaustubhsansare@yahoo.com

mailto:kaustubhsansare@yahoo.com

	Keratocystic odontogenic tumor: systematic review with analysis of 72 additional cases from Mumb ...
	Materials and Methods
	Systematic review
	Inclusion criteria
	Exclusion criteria

	Additional cases

	Results
	Systematic review
	Additional cases
	Prevalence
	Demographic data
	Anatomic location
	Site involved
	Radiographic findings
	Association with NBCCS


	Discussion
	Systematic review
	Additional cases

	Conclusion
	References


