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Abstract
Purpose This study was conducted in order to gain insight in the actual ratio of odontogenic keratocysts occurring in the tooth-
bearing area as compared to the posterior region of the jaws in order to come up with reliable data to base upon a rational
treatment policy.
Methods We searched MEDLINE, Web of Science, Scopus, and Cochrane databases for studies reporting on the location of
mandibular and maxillary odontogenic keratocysts. All records were independently assessed and a meta-analysis was performed.
Risk difference with a confidence interval of 95% of having the lesion in the posterior region versus the tooth-bearing area was
the effect measure. P value for the summary effect of < 0.05 was considered statistically significant.
Results The 2615 records retrieved were reduced to 34 studies to be qualitatively/quantitatively assessed. The pooled values
showed that the difference in the clinical risk of having keratocysts in the posterior region of the mandible and in the tooth-bearing
area of the maxilla is 21 and 43%, respectively (P < 0.02 and P < 0.00001).
Conclusions A substantial amount of keratocysts occur in the tooth-bearing area of the jaws, requiring attention.
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Introduction

It is well known that odontogenic keratocysts (OKCs) are
often occurring in the posterior mandible/ascending ramus,
and also in the maxilla, they tend to be located in the molar
tuberosity area. In fact, the vast majority of cysts in the pos-
terior mandible are OKCs, while sporadically one may en-
counter a cystic ameloblastoma or a regular odontogenic
(dentigerous) cyst in that area. This has consequences for the
surgical approach as outlined by Chapelle et al. [1]. They
suggested an algorithm for the treatment of cystic lesions of
the jaws, which entailed that all cysts in the posterior

mandibular area should be treated as if they were OKCs or
cystic ameloblastomas. In a recent systematic review and me-
ta-analysis, Al-Moraissi et al. [2] have proposed to treat OKCs
according to a defined protocol as suggested by Stoelinga [3].
This includes excision of the overlying attached mucosa, enu-
cleation of the cyst, and treatment of the bony defect with
Carnoy’s solution. This would be entirely possible for cysts
in the posterior mandible (third molar area and extending into
the ascending ramus) and even posterior maxilla, but it is
different with cysts in the tooth-bearing area because they
are usually not easily diagnosed as such. They often present
as lateral periodontal or (lateral) dentigerous cysts not arising
any suspicion. The diagnosis is usually made after enucleation
not followed by any additional treatment. In a prospective
study of Stoelinga [3], 24 of 75 OKCs were located in the
tooth-bearing area of which five recurred between 1 and
10 years, whereas only four recurrences (less than 10%) were
seen of the 51 OKCs located in the posterior mandible or
maxilla.

For reasons mentioned above, it would be advisable to
have some insight in the actual ratio of OKCs occurring in
the tooth-bearing area as compared to the posterior area of the
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jaws. Some solid data on the presentation of OKCs in
both jaws would be helpful to formulate a treatment
policy for those OKCs occurring in the tooth-bearing
areas. It is the intention of this systematic review and
meta-analysis to come up with reliable data to base
upon a rational treatment policy.

Material and methods

Protocol and registration

The present review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses—PRISMA protocol
[4] and was registered in the International Prospective
Reg i s t e r o f Sys t ema t i c Rev i ews—PROSPERO
(CRD42018092088).

Focused question

We intended to answer the following focused question:
BWhat’s the overall ratio of OKCs that occur in the posterior
region versus the dentate area of the mandible and maxilla?^

Eligibility criteria

Original randomized/nonrandomized clinical trials and
observational studies written in English were considered
in the present systematic review (https://prsinfo.
clinicaltrials.gov/definitions.html [Accessibility verified
June 11, 2018]). Records that fulfilled the following
items were included: (a) human patients with primary
OKC histologically diagnosed [5] and (b) location of
the OKCs in the posterior region and/or in the dentate
area of the mandible and/or maxilla. According to our
protocol, the posterior region was considered to be the
mandibular ramus/angle and maxillary tuberosity, in-
cluding those OKCs in the third molar area. On the
other hand, the dentate area was considered to be the
tooth-bearing area/alveolar process, including those
OKCs intimately related with teeth (i.e., incisors, ca-
nines, premolars and first/second molars).

Records presenting data from (a) recurrent OKCs; (b)
OKCs associated with the nevoid basal cell carcinoma syn-
drome; (c) cystic lesions that are lined only by orthokeratotic
epithelium; (d) histological and molecular studies; and (e)
in vitro and animal experiments, literature reviews, systematic
reviews, case reports, and studies with less than ten partici-
pants were not considered.

Studies that met the inclusion criteria or those with doubtful
information either in the title or abstract were selected for full-
text assessment in a second round of this review. Reasons for
rejection of studies were recorded for each report.

Search strategy

The first hit was conducted online by two independent re-
viewers (YSS and MN), in MEDLINE (via PubMed), Web
of Science, Scopus, Cochrane Library, and Google Scholar
(other source), from the inception until January 31st of
2018. Publications were searched using the following strate-
gy: (((((((odontogenic keratocyst) OR keratocystic
odontogenic tumor) OR keratocystic odontogenic tumour)
OR primordial cyst)) AND (((odontogenic cysts) OR jaw
cysts) OR developmental odontogenic cysts)) AND ((((diag-
nosis) OR incidence) OR prevalence) OR demographics))
NOT case report. Duplicate records were subsequently
removed.

Study selection

Records that remained from the first hit were independently
selected by reading their title and abstract (first round).
Disagreements in this selection were resolved by mutual dis-
cussion. Afterwards, all records screened from the first round
had their full text independently assessed for eligibility by the
same reviewers.

Data collection process

The reviewers YSS and MN separately submitted all eli-
gible studies to a qualitative synthesis using an extraction
data form including mainly country and total period of the
study, clinical characteristics of the patients, and number/
location of the primary OKCs. The mandible and maxilla
were considered separately. Whenever the article men-
tioned only Bposterior or anterior region,^ without a pre-
cise description of the cysts location, we considered these
areas as being the same as of our protocol, as stated in the
BEligibility criteria^ section.

Subsequently, all extraction data forms with the results of
each included study were verified together in order to calibrate
validity and reliability of this process.

Risk of bias in individual studies

To assess the quality of the studies, we adapted a few
checklists from the Joanna Briggs Institute (http://
joannabriggs.org/research/critical-appraisal-tools.html
[Accessibility verified June 11, 2018]) and applied them
to be used in Review Manager Software 5.3 (Review
Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

The queries of the included studies are briefly ex-
plained as follows: (a) cases from the same country; (b)
validity of data collection (i.e., valid clinical and
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radiographic assessment or valid retrospective analysis);
(c) evaluation of confounding factors such as the inclu-
sion of OKCs based on histological criteria other than that
recommended by the World Health Organization [5] and
the presence of recurrent OKCs, syndromic OKCs, and
orthokeratocysts in the study sample; and (d) strategies
to deal with confounding factors.

We also assessed the risk of bias of the OKCs occupying
the posterior maxilla, and large cysts may have occurred con-
comitantly in the posterior region and molar area (dentate
area).

Summary measures and synthesis of results

Meta-analysis was performed in the Review Manager soft-
ware 5.3, and the risk difference (RD) between the proportions
of individuals having primary OKCs (event) in the posterior
region versus in the tooth-bearing area with a confidence in-
terval (CI) of 95% was the effect measure. Inverse variance
method was applied in a random-effect model. P value, from
the Z test, for the meta-analysis summary effect of < 0.05 was
considered to provide evidence to the effect estimates. The
heterogeneity among studies was obtained from the chi-
squared test.

Results

Study selection and included studies

The first hit retrieved 2615 records from the traditional data-
bases and 38 articles from another source. The distribution of

the searched records and the number of studies finally includ-
ed [3, 6–38] are shown in the flow diagram (Fig. 1).

Excluded studies

The studies that were not included in the present systematic
were excluded for several reasons:

& No specification if the OKC was located in the mandible
or maxilla [39–80]

& No specification if the OKC was located in the dentate
area or in the posterior region of the jaws [39–44, 51,
60, 63, 78, 81–135]

& Impossibility to distinguish nonsyndromic from
syndromic OKCs [46, 60, 63, 69, 76, 80, 81, 83, 89, 92,
99, 100, 102–106, 111, 119, 126, 129, 136–154]

& Impossibility to distinguish OKCs from orthokeratocysts
[83, 99, 100, 103, 106, 119, 153, 155–160]

& Impossibility to distinguish primary OKCs from recurrent
OKCs [48, 66, 81, 88, 89, 99, 103, 105, 107, 119, 126,
129, 137, 142, 153–155, 159, 161, 162]

& Less than ten OKCs in the study [44, 54, 55, 59, 61, 64,
68, 72, 75, 93, 148, 163–174]

& No specification on the quantity of OKCs among the total
number of odontogenic cysts/tumors [1, 157, 175–197]

& Selective outcome bias (the posterior region or the
dentate area may have been one of the exclusion
criteria or OKCs in the posterior region were counted
together with lesions in the dentate area) [86, 89, 95,
99, 108, 110, 113–115, 120, 125, 130, 132, 151, 173,
188, 192, 193, 198–214]

Fig. 1 Flow diagram
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Study characteristics, risk of bias across studies,
and synthesis of results of the included studies

Thirty-four articles met the criteria as set for the meta-analysis
[3, 6–38].

Four studies were nonrandomized clinical trials [3,
6–8]. Thirty studies were retrospective observational
case–controls [9–38]. The characteristics of the studies
are shown in Table 1. The risk of bias across studies
[215] is expressed in Fig. 2.

Mandibular OKCs

Out of the 2376 mandibular OKCs, 1401 were located in
the posterior region (59%) and the remaining 975 OKCs
were located in the tooth-bearing area (41%). The RD of
0.21 [0.03, 0.38] of the pooled values pointed that the
difference in the clinical risk of having the OKC between
the posterior region and tooth-bearing area is 21%, the
posterior region being more susceptible to develop the
lesion. In other words, patients have an estimated differ-
ence of 21% in the probability to have OKCs in the pos-
terior region of the mandible. The CI and the P value of <
0.02 showed that there is strong evidence to support this
statement (Table 1 and Fig. 3).

Maxillary OKCs

In the maxilla, however, 566 out of the 750 OKCs were
located in the tooth-bearing area (75.5%) and the re-
maining 184 OKCs were located in the posterior region
(24.5%). The RD of 0.43 [0.30, 0.55] of the pooled
values pointed that the difference in the clinical risk
of having the OKC between the posterior region and
tooth-bearing area is 43%, the tooth-bearing area being
more susceptible to develop the lesion. In other words,
patients have an estimated difference of 43% in the
probability to have OKCs in the tooth-bearing area of
the maxilla. The CI and the P value of < 0.00001
showed that there is strong evidence to support this
statement (Table 1 and Fig. 4).

Discussion

Thirty-four articles met the criteria as set for the qualita-
tive synthesis and all of them were included in the meta-
analysis [3, 6–38]. Forty-four percent of these studies did
not base their histological diagnosis on the criteria as de-
fined by the WHO Atlas of Head and Neck Tumours 2005
[3, 6, 8–10, 13–15, 18, 28–32, 34] and 15% of the studies
did not report at all on what histological criteria they
based their findings [11, 23, 33, 36, 38]. Regarding the

detection of confounding factors, that may have intro-
duced bias and influenced the results expressed in the
meta-analysis, in 64 to 73% of the included studies, no
mention was made of the presence of recurrent [8, 10–13,
15–17, 20–22, 26–30, 32–34, 36–38] and/or syndromic
OKCs [6, 9–11, 14–17, 20–22, 24, 25, 27, 29–34, 37,
38] nor the presence of orthokeratotic cysts [6, 8–11, 13,
14, 16, 17, 20–29, 32–34, 36–38]. Only 11% of the stud-
ies presented sufficient details to avoid these biases [3, 7,
19, 35] (Fig. 2). Furthermore, a considerable heterogene-
ity was detected among studies reporting mandibular and
maxillary OKCs (I2 = 98%) due to sparse overlap of con-
fidence intervals for the results of individual studies
(Figs. 3 and 4). It is a consequence of the biological di-
versity of the included patients in the present study, in
terms of ethnicity, age, gender, etc., that the occurrence
of OKCs in either jaw is unpredictable. Therefore, we
incorporated the random-effect model in the meta-
analysis considering that the effects estimated were not
identical, but followed some distribution [216].

Yet, the results of the present systematic review un-
equivocally point to a higher prevalence of OKCs for
the mandible as compared to the maxilla, the ratio being
about 3:1. Six studies evaluated only mandibular OKCs
[6, 10, 28, 30, 31, 36].

The OKCs in the mandible did occur more often in the third
molar area/ascending ramus as compared to the tooth-bearing
area anterior of the wisdom tooth, the ratio being approximate-
ly 3:2. Considering the large number of pooled data, this was
highly statistically relevant.

The results in the maxilla are seemingly quite different
in that the presentation in the posterior maxilla is far less
than that in the tooth-bearing area. In fact, there is no
nontooth-bearing area of the maxilla that is exposed to
the oral cavity, apart from the tuberosity. The posterior
area literally would be the molar area and beyond. It is
obvious that the anatomical borders in the maxilla are not
as clearly distinguishable as those in the mandible. Cysts
appearing in the bicuspid/molar area often extend toward
the tuberosity or vice versa. Many authors did not even
mention the tuberosity area as a separate location of an
OKC. When they mentioned the location to be in the
molar area, we counted it as being in the tooth-bearing
area (dentate area), even though the cyst may have been
extended to the tuberosity. The increased risk of having
OKCs in the dentate area of the maxilla reflects that phe-
nomenon (Fig. 5). In other words, our results with regard
to the presentation in the maxilla are not reliable with
regard to the site of origin of the OKC.

Since 30 out of the 34 included studies were retrospec-
tive observational, we should assume that in many occa-
sions the diagnosis of OKC came after the cyst had been
enucleated, leaving the patient and the surgeon with a
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Table 1 Characteristics of included studies

Authorsa Mandible Maxilla

Posteriorb X Dentatec Posterior X Dentate

Ali and Baughman, 2003 Anterior—14
Canine—41
Premolar—41
1st and 2nd molar—33

Anterior—14
Canine—41
Premolar—41
1st and 2nd molar—33

137 X 129 30 X 102

Baitaneh and Qudah, 1998 1st and 2nd molar—8 N/A
23 X 8

Bande et al., 2010 Symphysis—3
Body—5

Anterior—2

38 X 8 2 X 2

Berge et al., 2016 Unclear Unclear

60 X 7 15 X 10

Boffano et al., 2010 Incisor/canine—13
Premolar—42
Molar—59

Incisor/canine—16
Premolar—18
Molar—36

77 X 114 0 X 70

Chuong et al., 1982d Unclear Unclear

12 X 4 4 X 0

de Souza et al., 2010e Unclear Unclear

40 X 5 2 X 7

Deepthi et al., 2016 Anterior—13 Anterior—6

44 X 13 11 X 6

El-Gehani et al., 2009 Unclear Incisor/canine—6

28 X 7 11 X 6

el-Hajj and Anneroth, 1996f Symphysis—5
Body—6

Upper front—3
Premolar/molar—1

14 X 11 4 X 4

González-Alva et al., 2008g Incisor—8
Premolar—8
Molar—75

Incisor—4
Premolar—1
Molar—9

14 X 91 0 X 14

Irvine and Bowerman, 1985h Symphysis—1
Body—3 (1 bilateral)

N/A

8 X 5

Jing et al., 2007i Anterior—52
Premolar—58
Molar—107

Anterior—23
Premolar—39
Molar—45

253 X 217 0 X 107

Kambalimath et al., 2014 Unclear Unclear

6 X 3 2 X 1

Khosravi et al., 2013j Unclear Unclear

188 X 35 54 X 57

Leung et al., 2016 Anterior—4 Anterior—2

79 X 4 20 X 2

MacDonald et al., 2013k Unclear Incisors to 1st premolar—2

7 X 0 1 X 2

Madras and Lapointe, 2008l Anterior—3
Anterior/body—1
Premolar—4
Body—1

Canine and sinus—1

2 X 9 4 X 1
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Table 1 (continued)

Authorsa Mandible Maxilla

Posteriorb X Dentatec Posterior X Dentate

Mamabolo et al., 2011m Anterior—4
Canine/premolar—6
Premolar—1
Canine/premolar/molar—1

Anterior—8
Premolar—3
Molar—2

1 X 12 0 X 13

Manzoor et al., 2015 Unclear Unclear

49 X 18 8 X 7

McIvor, 1972n Unclear N/A
23 X 14

Nakamura et al., 1995 Incisor—4
Incisor/premolar—5
Incisor/molar—1
Premolar—6
Premolar/molar—2
Molar—24

Incisor—7
Incisor/premolar—4
Incisor/molar—5
Premolar—3
Premolar/molar—2
Molar—13

25 X 42 1 X 34

Ngeow et al., 2000o Anterior—4 N/A
26 X 4

Ong and Siar, 1995p Body—8
Body across midline—4

N/A

10 X 12

Park and Kim, 1985q Cross symphysis—8
Premolar—2
Molar—1

Anterior teeth—2
Premolar—3
Molar—2
Antrum—9

10 X 11 0 X 16

Peker et al., 2016 Anterior—5
Premolar—5
Molar—38

Anterior—12
Premolar—3
Molar—12

32 X 48 0 X 27

Ribeiro Junior et al., 2012r Premolar—1
Molar—2

Anterior—1

7 X 3 0 X 1

Sharifian and Khalili, 2011s Anterior—19
Premolars—15
Molar—14

Anterior—29
Premolars—2
Molar—2

44 X 48 11 X 33

Simiyu et al., 2013 Anterior—2
Body—8

Anterior—5
Premolar—1
Maxillary sinus—1

5 X 10 0 X 7

Stoelinga, 2001t Anterior—6
Body—11

Bicuspid-molar—7
Between canines—7

39 X 17 0 X 14

Tabrizi et al., 2014 Symphysis—14
Body—24

N/A

53 X 38

Therkildsen et al., 2014 Premolar—6
Molar—6

Incisor—1
Molar—1

2 X 12 0 X 2

Urs et al., 2014 Anterior—2 Anterior—2

6 X 2 1 X 2

Vedtofte and Praetorius, 1979 Anterior—6 Anterior—8

138 Oral Maxillofac Surg (2019) 23:133–147



Fig. 2 Risk of bias across studies

Table 1 (continued)

Authorsa Mandible Maxilla

Posteriorb X Dentatec Posterior X Dentate

Body—8 Premolar/molar—11

39 X 14 3 X 19

Synthesis of studies 2376 mandibular OKCs 750 maxillary OKCs

1401 (59%) X 975 (41%) 184 (24.5%) X 566 (75.5%)

RD—0.21 [0.03, 0.38]
P < 0.02
I2 = 98% (P < 0.00001)

RD—0.43 [0.30, 0.55]
P < 0.00001
I2 = 98% (P < 0.00001)

N/A, not applicable or not possible to describe; RD, risk difference; P, a value for the summary effect of < 0.05 was considered statistically significant; I2 ,
heterogeneity
a In alphabetic order
bMandibular ramus/angle and maxillary tuberosity, inclusive those OKCs involved with the third molars
c Alveolar ridge or beyond, inclusive those OKCs involved with teeth
d Eight recurrent OKCs of the original report were not accounted [14]
e Seven OKCs located in the anterior + posterior region and four cases of unspecified location were not accounted [15]
f Twenty-nine OKCs were not considered because there were five syndromic OKCs among this number. BOrthokeratosis alone was found in three of the
included OKCs^—high risk of bias for strategies to deal with confounding factors [18]
g Eleven OKCs from syndromic patients, 40 OKCs described as Bextent location,^ and 13 OKCs with Bmultiple location^ were not accounted [19]
h One patient that had two OKCs, two recurrent, and one giant OKC occupying the right ramus and mandibular body was not accounted [6]
i Eleven OKCs with unspecified location were not accounted [20]
j Twenty-eight OKCs that occurred simultaneously in the anterior and posterior regions were not accounted [22]
k Eighteen recurrent OKCs and one primary that occurred in posterior/anterior region of the mandible were not accounted [24]
l Five recurrent OKCs, six that occurred in the mandibular body/ramus, and one unspecified maxillary OKC were not accounted [25]
mNine maxillary and ten mandibular OKCs with unknown location and two located in the molar–ramus area were not accounted [26]
n Ten maxillary OKCs were not accounted because the site was unclear [28]
o Eighteen maxillary OKCs were not accounted because there was one orthokeratocyst in this sample. One orthokeratocyst, seven OKCs in the anterior/
posterior mandible, and two with unknown location were also not accounted [30]
p Ten maxillary OKCswith unknown location and three cysts located simultaneously in the mandible/maxilla with doubtful location were not accounted.
BThere is only one orthokeratinized OKC^—high risk of bias for strategies to deal with confounding factors [31]
q Three OKCs with unknown location were not accounted [32]
r Eleven syndromic OKCs were not accounted [7]
s One hundred three OKCs with multiple unspecified locations were not accounted [34]
t Five recurrent OKCs and seven orthokeratocysts were not accounted [3]
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dilemma so as to what treatment should be followed if
any. In most instances, it would have been rather small
lesions particularly in the mandible. They probably did
not have a clear connection with the covering mucosa,
and in case of a lateral periodontal presentation, the peri-
odontium of the neighboring tooth would have been ex-
posed. The latter precludes the use of Carnoy’s solution in
that area, because of possible irreparable damage to the
periodontium of the tooth involved. In these small cysts, a
wait-and-see policy might be the best option with a yearly
follow-up for the first 5 years and beyond that every
2 years. The patients need to be informed about the
chance of recurrence, which may occur over as long a
period of 25 years [3]. In case of larger cysts (> 1 cm in
diameter), one should consider treatment of the bony cav-
ity with Carnoy’s solution at a second intervention, par-
ticularly when the cyst has been removed piecemeal.

In case of maxillary cysts, the same applies for the
small cysts in the tooth-bearing area as described for the
mandible. The larger cysts that extended to the posterior

area and most likely have penetrated the maxillary sinus
would require a different approach. If the diagnosis is
made after primary enucleation, one may choose to open
the cavity again and wipe the bone cavity out with
Carnoy’s solution. It is not advisable to do the same with
the thin bony walls of the sinus, because it may cause
bone necrosis. If the cyst has reached the tuberosity area,
it may pay off to take a wedge out of the soft tissue of the
tuberosity as well and have it examined. One of the au-
thors (PS) has seen several clusters of epithelial islands
and even microcysts in this area, most likely the source of
a newly developing cyst [3]. If the biopsy is positive,
extra surveillance is warranted.

Conclusion

In conclusion, a substantial amount of OKCs occur in the
tooth-bearing area of the jaws. They simply often come as
surprise diagnosis and are, thus, unexpected findings. Yet,

Fig. 3 Meta-analysis of the
mandibular OKCs
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it does not warrant routine biopsies of every cystic lesion.
In fact, a false-negative histopathological diagnosis, par-
ticularly when the cyst has been infected, is likely to oc-
cur in many instances because inflammation causes the
epithelium to lose its characteristic appearance and these
changes may be local [3, 217]. There is, thus, a consider-
able chance of a nonrepresentative biopsy. In general,
when cysts in the tooth-bearing area present with signs
or symptoms compatible with those of OKCs, such as
no bony expansion, scalloped margins, or even a
multilobular appearance, an aspiration biopsy is probably
the best option. The presence of keratin flakes or a protein

level of less than 4 g per 100 ml is indicative for an OKC
[116]. Yet, inflammatory changes may also preclude a
correct diagnosis when using this method. In case of a
positive diagnosis, careful enucleation and, where possi-
ble, excision of the attached mucosa should be carried out
followed by treatment with Carnoy’s solution.

The small OKCs, approximately 1 cm in diameter or
less, require a different approach. A wait-and-see policy,
with yearly follow-up for the first 5 years and every
2 years thereafter, is strongly advocated. Possible recur-
rences are easily manageable without much suffering for
the patient involved.

Fig. 4 Meta-analysis of the
maxillary OKCs

Fig. 5 Risk of bias across studies
addressing maxillary OKCs
occupying the posterior region
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