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ABSTRACT
Purpose: To report on the clinicopathological aspects of

odontogenic keratocysts (OKC)/keratocystic odontogenic
tumours (KCOT) presenting in a New Zealand population.

Methods: Information on defined areas—including age
at presentation, gender, anatomical sub-location, presenting
features, histological subtype and the recurrence pattern—
were extracted from the histopathological data available
in the Oral Pathology database of the University of Otago
School of Dentistry.

Results: Two hundred and twenty three cases of OKC/
KCOT were identified over the period ranging from 1987 to
2008. Mean age at presentation was 37.0 years (males 38.6
years, females 34.4 years), with 61.0% of cases being male.
The mandible was the dominant jaw afFeeted, with 65.9%
of lesions, with the angle of mandible being the commonest
anatomical sub-location (with 32.4% of lesions). One-fifth
of the cases were asymptomatic incidental findings, while
the majority of problems were related to the third molar
tooth and/or pain and swelling. The overall recurrence rate
was 18.3%, with the majority (62.2%) in the mandible and
more males (67.5%) affected. Recurrence was highest in the
first 5 years of follow-up, and decreased sharply thereafter.

Conclusion: This study is the first to describe the
frequency, distribution, presentation and recurrence rates
of OKC/KCOT in New Zealand and shows that these are
similar to those reported from other populations.

INTRODUCTION
Sinee its initial identification, the odontogenie keratocyst

(OKC)—recently redefined as keratocystie odontogenic tumour
(KCOT)—continues to be an interesting and challenging
pathologieal entity for both clinieians and researchers. Phillipson
(1956) described the lesion as a thin-walled eyst characterised
by a eyst lining featuring keratinised epithelium. The lesion
has gained much attention because of its potentially aggressive
behaviour, significant recurrence rates following treatment, and
its association with Basal Cell Naevus Syndrome. Pindborg and
Hansen ( 1963) defined seven essential histopathological features
of OKC; these are summarised in Table 1.

The World Health Organization (WHO) classification
of odontogenic tumours and jaw cysts has undergone
modification from the original 1971 version (Pindborg
et al., 1971; Kramer et al., 1992; Philipsen et al., 2005).
The 2005 edition signalled important changes, with the
odontogenic keratocyst being redefined and included
in the odontogenic tumour category, and a distinction
between orthokeratinisation and parakeratinisation, with
parakeratinised lesions placed in the tumour category while
the orthokeratinised variants remained in the cyst category.
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Table 1. Histological features of odontogenic keratocysts.

The lining epithelium is usually very thin and uniform in thickness,
with little or no evidence of rete ridges
There is a well-defined basal layer, the component cells of which are
cuboidal or columnar in shape and often in a palisaded arrangement
There is a thin spinous cell layer that often shows a direct transition
from the basal cell layer

The cells of the spinous cell layer frequently exhibit intracellular
oedema
Keratinisation is predominately parakeratotic, but it may be
orthokeratotic*
The keratin layer is often corrugated
The fibrous cyst wall is generally thin and usually uninflamed

*ln the latest WHO classification (2005), only parakeratinisation is
listed under Keratocystie odontogenic tumour

Previous studies have indicated that the OKC constituted
3% to 19% of all odontogenic cysts, third in occurrence
after dentigerous cysts (1.6% to 21.3%) and periapical
cysts (52.3% to 70.7%; Radden and Reade, 1973; Ahlfors
et al. 1984; Kreidler et ai, 1993). The highest recorded
frequencies were from France (19.1%; Meningaud c/ al.,
2006), Mexico (18.8%; Ledesma-Montes et ai, 2000) and
the United Kingdom (11.6%; Jones et al, 2006). Multiple
OKCs are frequently associated with the bifid-rib basal cell
naevus syndrome (also known as Gorlin-Goltz syndrome),
an autosomal-dominant transmission arising from defects in
chromosome 9q23.1 -q31. That syndrome and the presence of
OKC are often identified in children (EI-Hajj and Anneroth,
1996; Oda e? a/., 2000).

Comparative studies can highlight populations differences
which could provide important clues to the cause and
behaviour of certain types of pathology. In turn, this may lead
to a more appropriate treatment approach for that specific
population. New Zealand is a multicultural country with a
dynamic population composition resulting from immigration
and emigration. While there has been a number of overseas
studies of the occurrence of OKC, no such study to date has
been undertaken in New Zealand. Accordingly, the aim of this
study was to report on the demographic and clinicopathological
features of a case series of odontogenic keratocysts which
were diagnosed histopathologically at the University of Otago
School of Dentistry over a 20-year period.

METHODS
After obtaining approval from the University of Otago

Ethics Committee, a computerised search of the Oral
Pathology database in the Department of Oral Diagnostic and
Surgical Sciences (School of Dentistry, The University of
Otago) was performed using the search terms "odontogenic
keratocyst" and "keratocystie odontogenic tumour" for
the period spanning from 1 January 1987 to 1 January
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2008. The 1992 World Health Organization Classification
of Odontogenic Tumours (Kramer et al., 1992) was used
rather than the more recent 2005 WHO Classification of
Tumours, Pathology and Genetics, Head and Neck Tumours
(Philipsen et al.. 2005). This was mainly because the
majority of 'odontogenic keratocysts' in the present study
had been diagnosed using the 1992 WHO Classification.
Where 'keratocystie odontogenic tumour' was termed, this
was reclassified for the purpose of the study to 'odontogenic
keratocyst'. Moreover, most of the literature uses the older
term 'odontogenie keratocyst', and it was felt that comparing
findings would be easier with the older term.

Each identified case was evaluated to identify the presence
of odontogenic keratocyst or keratocystie odontogenic
tumour as the definitive diagnosis, supported by two oral
pathologists on the report form. Each report was also
examined to verify the presence of OKC histológica!
features as described by Pindborg and Hansen (1963).
Further scrutiny was made to avoid inadvertent duplication
of data. Where histopathology reports were within 6 months
of each other, these were deemed to be single cases, because,
in most instances, a preliminary biopsy had been submitted
to establish a diagnosis prior to undertaking definitive
surgical treatment. Recurrences were identified when: it was
specifically recorded in the biopsy form; a cyst occurred in
the same area of a previously removed keratocyst; or there
was a reliable history of cyst removal in the same location.
This approach was in accordance with Woolgar et al. ( 1987).
Where odontogenie keratocysts occurred in separate locations
concurrently, they were recorded as separate specimens, and
entered separately. For recurrent lesions, information was
obtained on the year of diagnosis of the primary lesion or, in
the case of second recurrence, the date of the last definitive
therapeutic intervention.

Each acceptable ease was then placed into one of three
histological categories based on the cyst lining: (1)
parakeratin; (2) orthokeratin; or (3) a combination of
both parakeratin and orthokeratin. The biopsy forms were
examined to record information about each patient's age,
sex, presenting symptoms, recurrence, anatomical location,
association with impacted tooth, presence of basal cell
naevus syndrome and the clinician's provisional diagnosis.
Where two or three differential diagnoses were supplied for
a single lesion, these were entered separately under their
different categories. For example, a differential diagnosis
including dentigerous cyst and odontogenic keratocyst would
be entered as two separate provisional clinical diagnoses in
their respective categories, despite their being for a single
lesion.

To describe the anatomical location of the lesions the jaws
were divided into six sub-locations namely anterior maxilla,
posterior maxilla, anterior mandible, body of mandible,
angle of mandible and ramus of mandible. When a cyst
transgressed beyond one anatomical sub-location it was
included in both locations.

The range of presenting signs and symptoms were divided
into distinct categories which included, 1 ) pain, 2) swelling,
3) discharge, 4) third molar tooth problems, 5) sinus
problems, 6) routine or incidental radiographie findings,
7) others not specified and 8) no recorded symptoms
(asymptomatic incidental findings). While every effort was
used to maintain accuracy, it must be stated that odontogenic
lesions can present with a number of different symptoms at
the same time. Where more than one symptom or sign was
present, these were recorded separately. Thus a person who

presented with both pain and swelling would have recorded
a positive find in both separate categories. The category of
"others not specified" reflects the wide array of presenting
symptoms such as bad taste, mobile tooth, discolouration of
tooth, non vital tooth, or paraesthesia. When the information
in the biopsy form was deemed inadequate the referring
clinicians were contacted via postal or email correspondence
to obtain further information pertaining to presenting signs
and symptoms, treatment and tbllow-up.

The data generated from these cases were entered into a
spreadsheet and analysed using Statistical Package for Social
Sciences (SPSS version 16.0 for Macintosh). The licence for
this programme was obtained by the Department of Oral
Diagnostic and Surgical Sciences.

RESULTS
The University of Otago Oral Pathology Service processed

223 odontogenic keratocyst specimens during the period
between I"" January 1987 and T' January 2008. The age
ranged from 10 years - 95 years with a peak incidence in the
21-30 year old group. The overall mean age of presentation
was 37.0 years; it was 38.6 years for males and 34.4 years for
females. Males outnumbered females in all age groups and
represented 61% of the study sample (Figure 1 ).

Figure 1. Percentage of odontogenic keratocysts occurring across
age groups.

1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Age groups

Nearly two thirds (65.9%) of the cysts occurred in the
mandible. Lack of details prevented 16 entries being assigned
a specific anatomical site (anatomical sublocation) while
13 large cysts transgressing the boundaries were recorded
in more than one defined area. From the ensuing total of
220 entries, the angle of the mandible was the commonest
site involved (Table 2) followed by posterior maxilla.
Interestingly only 10 per cent of mandibular keratocysts
occurred in the anterior region. When entries with inadequate
details and those representing the anterior mandible and
anterior maxilla were excluded, 59% of the cysts occurred
on the left hand side while 41 % was on the right hand side. A
similar trend was seen for both jaws.

Table 2. Distribution of odontogenic keratocysts by location.
Site Frequency(Total) Frequency (Mandible)
Anterior Maxilla
Posterior Maxilla
Anterior Mandible
Body of Mandible
Angle of Mandible
Ramus of Mandible

19(8.7%)
54 (24.7%)
15(6.8%)
42(18.7%)
71 (32.4%)
19(8.7%)

15(10.2%)
42 (28.6%)
71 (48.3%)
19(12.9%)
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The majority of elinieal presentations were related to
problems with the third molar tooth and/or pain and swelling,
while one-fifth of the cysts were asymptomatic incidental
findings (Table 3).

Table 3. Presenting signs and symptoms associated with odontogenie
keratoeysts.

Presentation Percentage (%)

Pain

Swelling

Discharge

Third molar problems

Sinus problems

No clinical findings

Others not specified

Not recorded

17.7

18.0

4.5

28.2

7.3

1.8

2.3

Of the 223 recorded cases, information on primary and
recurrent lesions was found for 202 cases, of which 165
(81.7%) lesions were recorded as primary lesions; 37
(18.3%) qualified as recurrent lesions. There were 4 recorded
eases relating to Gorlin-Goltz syndrome. It should also be
noted that soiTie recurrent lesions had no record of the pritnary
lesion in the defined data set. Recurrences recorded in the
early years of the study were likely to have had the primary
lesion prior to 1987 and therefore outside the defined data
limits. A total of 25 of the 37 cases of recurrence occurred in
males (67.5%), whieh is more than twice the figure recorded
for females (32.5%) in this data set. When categorized into
time periods, 0-5 years (n=23), 6-10 years (n=9), and greater
than 10 years (n=5) from the definitive treatment of the
primary lesion, over 50% of recurrences in both males and in
females appeared within the first five years (Figure 2).
Figure 2. Number of recurrent odontogenie keratoeysts over time.

1-5 years 6-10 years > 10 years

More recurrences were associated with eysts in the
mandible (62.2%) while the posterior maxilla was the
individual anatomical sub-location recording the highest
(Table 4).

Table 4. Site and distribution of recurrent odontogenie
keratoeysts.

Site n Percentage (%) of OKCs
Anterior Maxilla

Posterior Maxilla

Anterior Mandible

Body of Mandible

Angle of Mandible

Ramus of Mandible

4

10

5

5

6

7

10.8

29.7

13.5

13.5

16.2

18.9

The majority of OKCs were of the parakeratinised
variety (Table 5). Parakeratinization was overwhelmingly
represented among the recurrent OKC with only 2 out of 37
cysts showing orthokeratinization in the epithelial lining.
The type of keratinisation was not recorded in 4 specimens.

Table 5. Histological typing of odontogenie keratoeysts.

Keratinisation Recurrent Ali Lesions
Lesions

Parakeratin

Orthokeratin

Both ortho- and parakeratin

Keratinisation not mentioned

Total

No.

31

2

0

4

37

(%)

(83.8)

(5.4)

(0.0)

(10.8)

(100.0)

No.

158

26

10

29

223

(%)

(70.8)

(11.7)

(4.5)

(13.0)

(100.0)

A provisional elinieal diagnosis was ineluded in 195 biopsy
forms with some entries recording a differential diagnosis
comprising more than one entity. Of these, the diagnosis of
odontogenie keratoeyst or keratocystic odontogenie tumour
featured 107 times, giving a positive ditTerential in 54.8%
of attempted diagnoses. All recurrent lesions (n=37) had
odontogenie keratoeyst in the differential diagnosis and
excluding these positive prediction reached an accuracy
of 37.6% for the diagnosis of primary lesions. However
the most common provisional diagnosis provided was that
of dentigerous cyst which accounted for 68.2% (n=133) of
recorded diagnoses (Table 6).

Table 6. Clinician provisional diagnosis lor odontogenie
keratoeysts.

Differentiai Diagnosis n (195) Primary iesions (%)
Odontogenie keratoeyst

Dentigerous cyst

Lateral periodontal eyst

Apical cyst

Periapical granuloma

Ameloblastoma

Mucocoele

Calcifying odontogenie cyst

Other

No diagnosis given

107

133

19

18

24

12
8
6

2

14(223)

54.8

68.2

9.7

9.2

12.3

6.2
4.1
3.1

1.0

6.3

DISCUSSION
The present case study is a retrospective analysis of

information obtained primarily from the oral pathology
data-base of the Faculty of Dentistry at the University of
Otago. The Faculty's oral pathology service is accredited
by the Royal College of Pathologists of Australasia and
provides a unique service to New Zealand doctors and
dentists, being the only institution staffed by specialist oral
pathologists. Not only does it process all oral pathology
specimens from the School of Dentistry and Dunedin
Public Hospital, but it also provides a nationwide service
for oral pathology specimens. It receives biopsy specimens
fi"om all around the country, with most being sent from the
greater Auckland region (Rich et ai. 2007). These include
a number of sources, including both private and hospital
based general and specialist dental practitioners nationwide.
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The proportion received from general dental practitioners is
similar to that reported by oral pathology laboratories in the
UK (Franklin and Jones, 2006). Moreover, it also receives
processed histological information from other private and
publicly-funded pathology laboratories for second opinions
on specimens with an uncertain diagnosis. While primarily
sourced in Dunedin, the data collected in this study can
in many ways be considered to refiect the New Zealand
population as a whole.

The methodology used in the collection and analysis of data
was very much similar to other studies of the distribution and
recurrence of odontogenic keratocysts. The present study
clearly showed a preponderance of males over females at a
ratio of 1.56:1, which is consistent with the findings of other
studies of various populations (Browne, 1971; Haring and
Van Dis, 1988; Hsun-Tau, 1988; Zhou ei a/., 2002; Meningaud
et al, 2006), suggesting that the male predominance is a
universal phenomenon. The recorded mean age of 37.0 years
at diagnosis is similar to Vedofte and Praetorius (1979) who
reported a mean age of 37.4 years, and is consistent with
other findings (Haring and Van Dis, 1988; Myoung et al.
2001; Zhou et al, 2002; Jones et al, 2006). Additionally,
the later age of presentation among males is consistent
with Australian findings (Radden and Reade, 1973). These
findings may suggest that OKCs tend to develop later in
males, or it may refiect that women have a greater chance of
being detected earlier with greater compliance with dental
maintenance and follow up appointments. Regardless, the
age range at presentation and male-to-female ratio in this
study were similar to other reports.

While OKCs ean arise anywhere in the jaws, studies
have shown it to have a predilection for the mandible and
in particular the mandibular angle (Verdofte and Praetorius,
1979; Haring and Van Dis, 1988; Fl-Hajj, 1996). The findings
of the current study (Table 2) are in agreement with these.
There may be an association with third molar tooth eruption,
which is supported by the peak incidence in the second and
third decades and also the significant number of presenting
complaints being related to third molar teeth (Table 3). Such
problems commonly manifest as pain; including those with
those presenting with pain and swelling symptoms, means
that the predominant presentation for OKC in the current
study would be pain and swelling, in concordance with the
findings of Chirapathomaskul et al (2006).

The current study's general recurrence rate of 18% is
similar to findings reported by Hsun-Tau (1988) and Zhao
et al. (2002). and more favourable than those reported by
Verdofte and Praetorius (1979) and Myoung et al. (2001),
who recorded recurrence rates of 39% and 58% respectively.
Interestingly, more than half of the recurrences occurred
within 5 years, and over 80% had recurred by 10 years.
This supports the recommendation that the follow-up period
should be at least ten years (Forssell et al, 1988; Stoelinga,
2001).

Whether males are at higher risk of recurrence is currently
unclear. Woolgar et al. (1987) found no evidence of it, while
Forrsell et al. (1988) did. The current study observed that
67.5% of the recurring cases involved males. This may be
related to the higher age at presentation for males (which may,
in turn, refiect larger lesion size), the location of recurrences
and related surgical complexity, or the relatively low number
of recurrences indicating that no definitive conclusions are
possible. Additionally, Ahlfors et al (1984) suggested that
hormonal factors have a role in the pathogenesis of recurrent
keratocysts. The mean age of recurrence in this study was

43.1 years (data not presented) and was slightly higher than
reported by Woolgar et al (1987), with 40.2 years, and
Browne (1971), with 34.5 years.

Previous studies have reported that keratocysts occur more
frequently in the mandible than the maxilla, with estimates
ranging from 65% to 83% of lesions occurring in the former
(Browne, 1970; Brannon, 1976). The findings of the current
study are in general agreement with this (Table 2). However,
the distribution of recurrences within the mandible is
relatively even across the different anatomical sub-locations,
and the highest number of recurrences in the posterior
maxilla (Table 4). This could be due possibly to difficulties
in surgical access and the proximity of vital structures in
this region compromising the complete removal of the cyst
lining at the initial operation.

In conclusion, the current study is the first to describe the
frequency, distribution, presentation and recurrence rates of
OKC/KCOT in New Zealand; the findings are consistent with
those from population studies in the United States, United
Kingdom, China, Singapore, Sweden and South Africa.

REFERENCES
Ahlfors E, Larsson A, Sjogren S ( 1984). The odontogenic keratocyst:
A benign cystic tumour? .Journal of Oral & Maxillofacial Surgeiy
42: 10-19.

Brannon R ( 1976). The odontogenic keratocyst: A clinicopathologic
study of 312 cases. Part 1. Clinical features. Oral Surgery, Oral
Medicine, Oral Pathology 90: 205-217.

Browne RM (1970). The odontogenic keratocyst: Histological
features and their correlation with clinical behaviour. British Dental
Journal 131:249-259.

Browne RM (1971). The odontogenic keratocyst. Clinical aspects.
British DentalJournal 128: 225-231.

Chirapathomaskul D, Sastravaha P, Jansisyanont P (2006). A
review of odontogenic keratocysts and the behaviour of recurrences.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology &
Endodontics 101: 5-9.

El-Hajj G, Anneroth G (1996). Odontogenic keratocysts - a
retropective clinical and histologie study. Journal of the American
Dental Association 25:124-129.

Forssell K, Forssell H, Kahnberg K (1988). Recurrence of
keratocysts. A long term follow up study. International Journal of
Oral& Maxillofacial Surgeiy 17: 25-28.

Franklin CD, Jones AV (2006). A survey of oral and maxillofacial
pathology specimens submitted by general dental practitioners over
a 30-year period. British DentalJournal 200: 447-450.

Hsun-Tau C: Odontogenic keratocyst (1988). A clinical experience
in Singapore. Oral Surgery, Oral Medicine, Oral Pathology 86:
573-577.

Jones AV, Craig GT, Franklin CD (2006). Range and demographic
of odontogenic cysts diagnosed in a UK population over a 30-year

á. Journal of Oral Pathology & Medicine 35: 500-517.

Kramer I, Pindborg J, Shear M. (Eds): Histological typing of
odontogenic tumours. 1992 Heidelberg, Springer-Verlag.

Krcidler J, Raubenheimer F. Van Heerden W( 1993). A retrospective
analysis of 367 cystic lesions of the jaw - the Ulm experience. Journal
of Craniomaxillofacial Surgery 21: 339-341.

Ledesma-Montes C, Hemández-Gucrrero JC. Garcés-Ortíz M (2000).
Clinico-pathologic study of odontogenic cysts in a Mexican sample
population. Archives of Medical Research 31: 373-376.

Meningaud JP, Oprean N, Pitak-Amnop P. Bertrand, JC (2006).
Odontogenic cysts: a study of 695 cases. Journal of Oral Sciences
48: 59-62.



116 NEW ZEALAND DENTAL JOURNAL Odontogenic keratocysts over 20 years- JATTAN ET AL

Myoung H. Hong SP, Hong SD, Lim CY, Choung PH, Lee JH, Choi
JY, Seo BM, Kim MJ (2001 ). Odontogenic keratocyst: review of 256
cases for recurrence and clinicopathologic parameters. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology & Endodontics 91 :
328-333.

Oda D, Rivera V, Ghanee N, Kenny EA, Dawson KH (2000).
Odontogenic keratocyst: The Northwestern USA experience. Journal
of Contemporary Dental Practice 15: 60-74.

Philipsen H, Reichart P, Slootweg P, Slater L, Scuibba J, Eversole
L, Sair C, VEn Der Waal 1, Praetorius F, Jundt G (2005). Head and
neck tumours. World Health Organisation Classification of Tumours.
Pathology and Genetics. Lyon, IARC Press.

Pindborg J, Hansen J ( 1963). Studies on odontogenic cyst epithelium,
2: clinical and roentgenological aspects of odontogenic keratocysts.
Acta Pathologica Microbiologica Scandinavica 58: 283-294.

Pindborg J, Kramer 1, Torlini H (1971). Histologieal typing of
odontogenic tumours, jaw cyst and allied lesions. Geneva. WHO

Radden BG, Reade PC (1973). Odontogenic cysts. A review and
a clinicopathological study of 368 odontogenic cysts. Australian
Dental .Journal 18:218-215.

Rich A, Firth N, Kardos T (2007). Review of oral pathology service,
Medlab Dental, University of Otago 2002-2005. New Zealand Dental
Journal 103:34-36.

Stoelinga P (2001). Long term follow up on keratocysts treated
according to a defined protocol. International Journal of Oral and
Maxillofacial Surgery 30: 14-25.

Verdofte P, Praetorius F (1979). Recurrence of the odontogenic
keratocyst in relation to clinical and histologieal features: A 20
year follow up study of 72 patients. International Journal of Oral
Surgery 8:412-420.

Woolgar JA, Rippin JW, Browne RM ( 1987). A comparative study of
the clinical and histologieal features of recurrent and non-recurrent
odontogenic keratocysts. Journal of Oral Pathology 16: 124-128.

Zhou Y, Wei J, and Wang S (2002). Treatment of odontogenic
keratocyst: a follow up of 255 Chinese patients. Oral Surgery,
Oral Medicine. Oral Pathology, Oral Radiology & Endodontics
94: 151-156.

RAKESH JATTAN, B D S , M D S , M B C H B
HARSHA DE SILVA, BDS, MS, FDSRCS, FFDRCS
RoHANA KuMARA DE SILVA, BDS, FDSRCPS, FFDRCSI,
FDSRCS
ALISON M RICH, BDS, MDSc, PHD, F R A C D S ,
FFOP(RCPA)

ROBERT M LOVE, BDS, MDS, PHD, FRACDS
Department of Oral Diagnostic and Surgical Sciences
University of Otago
PO Box 647
Dunedin

Corresponding author: Professor Robert M Love, Depart-
ment of Oral Diagnostic and Surgical Sciences, University
of Otago, PO Box 647, Dunedin, New Zealand. Phone
++64 3 4797121 ; Fax ++6434797046; Emai 1 robert. love(g
otago.ae.nz



Copyright of New Zealand Dental Journal is the property of New Zealand Dental Association Incorporated and

its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


