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%‘;Zr Results: From 1,300 studies identified, 16 met the inclusion criteria. Seven studies were classified as high,
Pathology seven as moderate, and two as low RoB. The prevalence of odontogenic cysts and tumors associated with
Jaw cysts ITM was 5.3% (95%Cl: 3.1%—8.1%) of ITM. Odontogenic cysts in particular were found in 4.4% (95%Cl: 2.5

—6.8%) of the extracted ITM, whilst odontogenic tumors in 0.5% (95%Cl: 0.2—0.9%). The dentigerous cyst
was mentioned in eleven studies with a pooled prevalence of 2.1% (95%Cl: 1.4—3.1%). The odontogenic
keratocyst was cited by nine studies and had a prevalence of 0.5% (95%Cl: 0.2—0.7%). The radicular cyst
was mentioned only in three articles and the pooled prevalence was 4.7% (95%Cl: 0.0—19.4%)

Conclusion: Odontogenic cysts and tumors were found in 5.3% of ITM extracted. The most common le-

Jaw neoplasms
Systematic review

sions were the radicular cyst, dentigerous cyst, and odontogenic keratocyst.
© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Tooth impaction is a frequent dental condition with prevalence
rates ranging from 0.8 to 3.6% in the general population (Kaszor-
Urbanowicz et al., 2016). Impacted teeth can be classified as
entirely or partially unerupted teeth (Shoshani-Dror et al., 2018).
The most common impacted teeth are the third molars since they
are the last to erupt and usually remain impacted due to the lack of
space in the dental arch (Kaszor-Urbanowicz et al., 2016). Partially
erupted impacted third molars (ITM) have been associated with
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odontogenic infections, such as caries, periodontal diseases, and
pericoronitis. Due to difficulties in reaching partially erupted teeth
during oral hygiene, dental caries and endodontic illnesses are
more frequently observed in comparison to entirely unerupted
teeth (Shoshani-Dror et al., 2018). On the other hand, non-
inflammatory conditions such as the dentigerous cysts (DC),
odontogenic keratocysts (OKC), and ameloblastomas are mostly
related to entirely unerupted ITM (Rakprasitkul, 2001).

In the United States, approximately 3 billion dollars are spent
yearly on the extraction of third molars (Friedman, 2007). The
prophylactic removal of asymptomatic ITM is a commonly per-
formed procedure in oral surgery clinics worldwide (Rafetto,
2015; Alves-Pereira et al.,, 2017). Reasons for extracting ITM
include the risk of developing dental caries, pericoronitis, peri-
odontal defects, crowding, and occurrence of different odonto-
genic cysts and tumors (Steed, 2014). However, there is a lack of
substantial evidence supporting the extraction of asymptomatic
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ITM, especially considering the morbidity and the costs of the
procedure. Thus, further investigations on this topic are necessary
to aid surgeons in the decision-making process (Adeyemo, 2006;
Ghaeminia et al., 2016).

The presence of odontogenic cysts and tumors in the third
molar region can cause severe consequences, such as pathological
mandibular fracture and facial asymmetry (Boffano et al., 2013).
Nonetheless, surgical removal of ITM might present complica-
tions, which might occur in up to 15% of cases, such as nerve in-
juries, post-operative infections, and iatrogenic mandibular
fractures (Gbotolorun et al., 2007; Agrawal et al., 2014). Therefore,
the clinical conduct regarding asymptomatic ITM should weigh
the risks of removal and benefits of tooth preservation (Gupta and
Ahuja, 2018).

The most frequently reported odontogenic cysts in the third
molar region are the DC and the OKC, while the most common
odontogenic tumor is the ameloblastoma (Rakprasitkul, 2001).
Currently, there is no consensus regarding the prevalence of
odontogenic cysts and tumors related to ITM. Furthermore, the
knowledge of the prevalence regarding these conditions might be
useful for both clinicians and health policymakers, as it could guide
evidence-based decisions on the management of these lesions.
Thus, the aim of this systematic review (SR) and meta-analysis
(MA) was to answer the focused question: “What is the preva-
lence of odontogenic cysts and tumors associated with ITM?”.

2. Materials and methods
2.1. Protocol and registration

An SR protocol based on the Preferred Reporting Items for
Systematic Reviews and Meta-analysis Protocols (PRISMA-P)
(Shamseer et al., 2015) was developed and registered on the In-
ternational Prospective Register of Systematic Reviews under the
number CRD42018100413 (Booth et al., 2011). Furthermore, the
reporting of this SR was based on the PRISMA checklist (Knobloch
et al,, 2011).

2.2. Eligibility criteria

The acronym PECOS (Population, Exposition, Comparison, Out-
comes, Studies) was used to formulate the focused question of this
SR: P) individuals with ITM; E) presence of odontogenic cysts and
tumors associated with ITM; C) not applicable; O) prevalence of
odontogenic cysts and tumors related with ITM; and S) observa-
tional studies. There were no restrictions on the time, sex, age, or
language of publication. For the purposes of this SR, ITM included
both totally and partially unerupted teeth.

The following exclusion criteria were applied: (1) Studies
including other impacted teeth or not reporting data on ITM
separately; (2) Studies in which the diagnosis was not confirmed by
histopathologic analysis; (3) Studies in which the prevalence of
odontogenic cysts and tumors was not clearly reported or could not
be calculated; (4) Experimental studies, reviews, case reports,
protocols, short communications, personal opinions, letters, post-
ers, conference abstracts, and laboratory research; (5) Full text not
available.

2.3. Information sources and search strategy

Search strategies were individually developed for five data-
bases: Embase, Latin American and Caribbean Health Sciences (LI-
LACS), PubMed, Scopus, and Web of Science. An additional search of
the grey literature was performed on Google Scholar, Open Grey,
and ProQuest (Appendix A). All database searches were conducted

on July 3, 2018. Also, the list of references of included articles was
manually screened by two reviewers (FW.M and PV.K.) for
potentially relevant articles. All references were managed and du-
plicates were removed using a reference manager software
(EndNote X7®, Thomson Reuters, Philadelphia, PA).

2.4. Study selection and data collection

Study selection was performed in a two-phase process. Phase-
1 was carried out using a web application specific for SR (Rayyan®,
Qatar Computing Research Institute), in which two reviewers
(EW.M. and P.V.K.) independently applied the eligibility criteria
for titles and abstracts of all identified references. In phase-2, the
same reviewers separately applied eligibility criteria to the full-
text studies. Any disagreement was resolved in a consensus
meeting. The data collection was performed by two reviewers
(EW.M. and G.M.) and consisted of study characteristics, popula-
tion characteristics, histopathological diagnosis, anatomic loca-
tion, and outcome measures.

2.5. Risk of bias in individual studies

Two authors (EW.M. and G.M.) independently performed the
risk of bias (RoB) assessment of included articles according to the
Joanna Briggs Institute Critical Appraisal Checklist for Studies
Reporting Prevalence Data (Joanna Briggs Institute, 2014). Studies
were categorized as “high RoB” when the study reached up to 49%
score “yes”; “moderate RoB” when the study reached 50%—69%
score “yes”; and “low RoB” when the study reached more than 70%
score “yes”.

2.6. Synthesis of results

A method of proportion MA was performed by using the soft-
ware R Statistics version 3.5.1 (The R Foundation, Vienna, Austria).
The metafor package was used, including the arcsine trans-
formation to calculate overall proportions and the Clopper-Pearson
interval to calculate confidence intervals for individual studies.
Statistical heterogeneity was calculated by using the I test, and a
random effect model was applied.

2.7. Additional analyses

An alternative funnel plot based on transformed proportion data
(log[odds]) against a measure of precision (sample size) was used to
investigate publication bias (Hunter et al., 2014). The Egger's test for
funnel plot asymmetry, using sample size as a predictor, was also
conducted.

3. Results
3.1. Studies selection

The initial searches resulted in 1,300 studies, excluding dupli-
cates. In phase-1, sixty-nine articles met the eligibility criteria and
were included for full-text assessment. After phase-2, fifty-three
studies were excluded due to several reasons (Appendix B). Sixteen
studies were included for qualitative and quantitative analyses
(Berge, 1996; Giiven et al., 2000; Al-Khateeb and Bataineh, 2006;
Akarslan and Kocabay, 2009; Planini¢ et al., 2010; Stathopoulos
et al,, 2011; Nuraini et al., 2013; Nazir et al., 2014; Patil et al., 2014;
Alamgir et al., 2015; Rosa et al., 2015; Vigneswaran and Shilpa,
2015; Camargo et al., 2016; Shahzad et al., 2016; Shin et al., 2016;
Gupta and Ahuja, 2018) (Fig. 1).
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Fig. 1. Flow diagram of literature search and selection criteria*. Legend: *Adapted from PRISMA.

3.2. Study characteristics

In 15 studies the number of individuals was reported as sample
size unit (Berge, 1996; Giiven et al., 2000; Al-Khateeb and Bataineh,
2006; Akarslan and Kocabay, 2009; Planini¢ et al., 2010; Statho-
poulos et al., 2011; Nuraini et al., 2013; Nazir et al., 2014; Patil et al.,
2014; Alamgir et al.,, 2015; Rosa et al., 2015; Vigneswaran and
Shilpa, 2015; Camargo et al., 2016; Shahzad et al., 2016; Shin et al.,
2016), ranging from 26 (Camargo et al., 2016) to 40,235 individuals
(Nuraini et al., 2013). In 12 studies, sample size unit was reported as
the number of ITM (Giiven et al., 2000; Al-Khateeb and Bataineh,
2006; Akarslan and Kocabay, 2009; Planini¢ et al., 2010; Statho-
poulos et al., 2011; Nazir et al., 2014; Patil et al., 2014; Alamgir et al.,
2015; Camargo et al., 2016; Shahzad et al., 2016; Shin et al., 2016;
Gupta and Ahuja, 2018), ranging from 41 (Camargo et al., 2016) to
20,802 ITM (Shin et al., 2016).

Nine studies presented prevalence data of both odontogenic
cysts and tumors (Giiven et al., 2000; Al-Khateeb and Bataineh,

2006; Akarslan and Kocabay, 2009; Stathopoulos et al., 2011; Nazir
et al,, 2014, Patil et al., 2014; Alamgir et al., 2015; Shahzad et al.,,
2016; Shin et al., 2016). Two articles only investigated the preva-
lence of cysts (Planinic¢ et al., 2010; Rosa et al., 2015), two reported
the prevalence of only of DC (Nuraini et al., 2013; Camargo et al.,
2016), and one grouped both cysts and tumors and did not report
their prevalence separately (Vigneswaran and Shilpa, 2015).
Furthermore, one article separated the lesions into cysts, OKC, and
ameloblastoma (Berge, 1996); and one study reported the preva-
lence of DC, OKC, ameloblastoma, and calcifying odontogenic cyst
but did not cluster into groups of cyst and tumor (Gupta and Ahuja,
2018) (Appendix C).

3.3. Risk of bias within studies
Two included studies were classified as “low RoB” (Planinic¢

et al.,, 2010; Alamgir et al., 2015), seven as “moderate RoB” (Al-
Khateeb and Bataineh, 2006; Akarslan and Kocabay, 2009;
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Stathopoulos et al., 2011; Nuraini et al., 2013; Patil et al., 2014; Rosa
et al.,, 2015; Shin et al., 2016), and seven as “high RoB” (Berge, 1996;
Giiven et al.,, 2000; Nazir et al., 2014; Vigneswaran and Shilpa, 2015;
Camargo et al., 2016; Shahzad et al., 2016; Gupta and Ahuja, 2018).
Significant concerns regarding bias were related to convenience
samples and outcome assessment (such as lack of information
regarding the calibration of personnel for histopathological diag-
nosis and diagnostic criteria adopted) (Appendix D).

3.4. Results of individual studies

The total number of individuals included in the analyses was
83832, and the total number of ITM was 50969. This conflicted
number can be explained because some studies did not report the
number of ITM included in their samples. The total number of
odontogenic cysts or tumors associated with ITM in the included
studies was 1600. The number of cysts (classification based on the
2017 World Health Organization [WHO] criteria - El-Naggar et al.,
2017) included in the sample was 1371, of which 783 were DC,
400 radicular cysts, and 150 OKC. The total number of tumors
(classification based on the 2017 WHO criteria - EI-Naggar et al.,
2017) included in the sample was 186, of which 126 were amelo-
blastomas, 31 odontomas, and 22 odontogenic myxomas. Also, the
majority of lesions reported were associated with mandibular ITM,
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ranging from 73.9% (Giiven et al., 2000) to 84.9% (Rosa et al., 2015)
of the pathologies.

Four included studies (Berge, 1996; Nuraini et al., 2013; Rosa
et al,, 2015; Vigneswaran and Shilpa, 2015) reported the preva-
lence of odontogenic cysts and tumors per number of individuals,
which ranged from 35.1% (Rosa et al., 2015) to 0.02% (Nuraini et al.,
2013). Due to the limit number of studies reporting data in regard to
the number of individuals affected, these studies were excluded
from the pooled analyses of results.

Four studies (Berge, 1996; Planini¢ et al., 2010; Nuraini et al.,
2013; Shin et al., 2016) presented data in regard to the age of pa-
tients affected by odontogenic cysts or tumors associated with ITM.
All studies reported that individuals with more than 40 years
presented higher frequencies of lesions associated with ITM.

3.5. Synthesis of results

3.5.1. Overall prevalence

The pooled prevalence rate of odontogenic cysts and tumors
associated with ITM was 5.3% (95%Cl: 3.1%—8.1%) (Fig. 2). Consid-
ering odontogenic cysts, the MA showed that the overall prevalence
was 4.4% (95%Cl: 2.5—6.8%) (Fig. 3). It is worth mentioning that for
this MA, OKC was grouped within cystic lesions, as proposed by the
most recent WHO criteria (ElI-Naggar et al., 2017). Furthermore,

Study Cases Total Proportion 95% C.l. Weights
Akaeslan, 2009 2 284m: 0.007 [0.001; 0.025] 8.2%
Alamgir, 2015 430 2292 | 0.188 [0.172; 0.204] 8.9%
Al-Khateeb, 2006 35 2432@; 0.014 [0.010; 0.020] 9.0%
Camargo, 2016 4 41 —m— 0.098 [0.027; 0.231] 5.3%
Gupta, 2018 41 85 i —— 0.482 [0.373; 0.593] 6.8%
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Patil, 2014 187 5485 O 0.034 [0.029; 0.039] 9.0%
Planinic, 2010 66 997 & 0.066 [0.052; 0.083] 8.8%
Shahzad, 2016 11 382 W 0.029 [0.014; 0.051] 8.4%
Shin, 2016 176 20802 M 0.008 [0.007; 0.010] 9.0%
Stathopoulos, 2011 210 7782 “. 0.027 [0.023; 0.031] 9.0%
Random effects model 50969 + 0.053 [0.031; 0.081] 100.0%
Heterogeneity:/> = 99%, 2, = 1345.59 (p < 0.01) f I I I I
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Fig. 2. Forest plot with the pooled prevalence of the odontogenic cysts and tumors associated with ITM.
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Fig. 3. Forest plot with the pooled prevalence of odontogenic cysts associated with ITM.
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pooled data in regard to tumors revealed an overall prevalence rate
of 0.5% (95%Cl: 0.2—0.9%) (Fig. 4).

3.5.2. Prevalence per pathology

Within cystic lesions, DC was cited by eleven articles and the
pooled prevalence was 2.1% (95%Cl: 1.4—3.1%). OKC was cited by
nine studies and had a prevalence of 0.5% (95%Cl: 0.2—0.7%). The
radicular cyst was mentioned only in three articles and the pooled
prevalence was 4.7% (95%Cl: 0.0—19.4%). Furthermore, the COC was
cited by two studies and had a prevalence of 0.06% (95%Cl:
0.0—4.2%).

In regard to odontogenic tumors, the ameloblastoma was cited
by seven articles and had a prevalence of 0.4% (95%Cl: 0.2—0.7%).
The odontoma was mentioned in three studies and the pooled
prevalence was 0.1% (95%Cl: 0.1—-0.2%). In addition, the odontogenic
myxoma was cited by two included studies and had a prevalence of
0.1% (95%Cl: 0.1-0.2%) (Appendix E). The statistics regarding the
prevalence of other cysts and tumors were not calculated due to an
insufficient amount of data in the included studies.

3.5.3. Additional analyses

The funnel plot with regard to the overall MA of ITM is available
in Appendix E. The Egger's test suggested that funnel plot asym-
metry was not present (p = 0.1058). Funnel plots regarding other
MA were not appropriate due to the limited amount of included
studies (Lau et al., 2006).

4. Discussion

Although there are plenty of clinical studies on this topic, con-
flicting results were often observed, which might explain the lack of
consensus among oral surgeons in regard to the prevalence of
odontogenic cysts and tumors related with ITM. Pooled data from
included studies showed that the prevalence of odontogenic cysts
and tumors associated with ITM was approximately 5%. Consid-
ering that this SR did not investigate the prevalence of other pa-
thologies (e.g., dental caries, pericoronitis, and periodontal
diseases) the total prevalence of pathologies related to ITM might
be considerably higher (Stella et al., 2017; Venta et al., 2017; Gloria
et al,, 2018).

The radicular cyst was the most frequently reported lesion
among odontogenic cysts and tumors by a previous SR (Johnson
et al., 2014). Similarly, the radicular cyst was the most common
lesion associated with ITM in the present SR. It should be
emphasized that only three of the 16 included articles presented
data about the prevalence of radicular cysts, therefore these re-
sults should be interpreted with caution. Although accurate

Study Cases Total
Akaeslan, 2009 0 284m
Alamgir, 2015 4 22921m
Al-Khateeb, 2006 6 2432 Ii
Gupta, 2018 12 85, —=—
Guven, 2000 66 9994 il
Nazir, 2013 3 393m
Patil, 2014 37 5485 Ii
Shahzad, 2016 4 382g@E
Shin, 2016 10 20802I|i
Stathopoulos, 2011 43 7782 lll
Random effects model 49931 V
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information was not available in the majority of included studies,
it is hypothesized that this finding might be related to partially
unerupted ITM. Usually, difficulties in maintaining good oral hy-
giene in the presence of semi-erupted teeth are associated with
increased risk of inflammatory conditions (such as dental caries,
pulp necrosis, and recurrent pericoronitis), which could lead to
development of chronic inflammation in the apex, leading to the
development of radicular cyst (Al-Khateeb and Bataineh, 2006).
The paradental cyst is another cyst with inflammatory etiology,
which is associated with the crown of a partially erupted ITM,
frequently with history of recurrent pericoronitis (Al-Khateeb and
Bataineh, 2006). However, in this SR only one included study (Al-
Khateeb and Bataineh, 2006) reported the prevalence of the
paradental cyst (0.08%) and, therefore, a meta-analysis in regard
to this cyst information could not be performed.

Non-inflammatory cysts associated with ITM were considerably
less frequent than radicular cysts in this SR. The most commonly
reported developmental cyst was the DC, followed by the OKC. The
higher proportion of both DC and OKC in comparison to other
developmental cysts was predictable since it is well established in
the literature that the posterior region of the mandible is the
anatomical site most frequently affected by these pathologies
(Bilodeau and Collins, 2017). It should be mentioned that, as
opposed to semi-erupted teeth, completely unerupted ITM are
associated with developmental odontogenic cysts, since no in-
flammatory etiology is present.

Odontogenic tumors associated with ITM were overall 8.8 times
less frequent compared to odontogenic cysts. It is worth
mentioning that OKC was reclassified as an odontogenic cyst ac-
cording to the 2017 WHO criteria (EI-Naggar et al., 2017), which
might have contributed to these results. Also, the most common
odontogenic tumor in this SR was the ameloblastoma. Although
information regarding the classification of ameloblastoma was not
available in the included studies, the proportion of unicystic ame-
loblastomas associated with impacted teeth (52—100%) is consid-
erably higher than solid ameloblastomas (15—40%) (Philipsen and
Reichart, 1998). Radiographically, unicystic ameloblastomas, OKC,
and DC often present similar characteristics. However, both OKC
and ameloblastoma can present recurrences after surgical treat-
ment (McClary et al., 2016; Karaca et al., 2018). Therefore, the his-
topathological examination of pericoronal tissues associated with
extracted ITM is highly recommended.

It is important to emphasize that studies investigating ITM with
normal radiographic follicular space were not included in this SR.
This decision was made due to a possible bias related to the
misdiagnosis of DC in these studies. Some researchers claim that a
radiographically normal dental follicle may present cystic changes

Proportion 95% C.l. Weights
0.000 [0.000; 0.013] 7.4%
0.002 [0.000; 0.004] 11.6%
0.002 [0.001;0.005] 11.6%
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0.007 [0.005;0.008] 12.3%
0.008 [0.002; 0.022] 8.3%
0.007 [0.005;0.009] 12.1%
0.010 [0.003; 0.027] 8.2%
0.000 [0.000;0.001] 12.5%
0.006 [0.004;0.007] 12.3%
0.005 [0.002; 0.009] 100.0%

Heterogeneity:/> = 95%, 32 = 193.01 (p < 0.01) | I
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Fig. 4. Forest plot with the pooled prevalence of the tumors associated with ITM.
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on histopathological analysis (Glosser and Campbell, 1999). On the
other hand, others propose that radiographic changes are necessary
to confirm the diagnosis of odontogenic cysts, since normal follic-
ular tissue and DC in early stages of development can present
similar histopathological characteristics (Al-Khateeb and Bataineh,
2006). The criteria for the definition of a normal follicular space are
not well established in literature, although there is some agreement
regarding the radiographic appearance of pathology as a peri-
coronal space larger than 2.5 mm (Eliasson et al., 1989). Therefore, it
is worth emphasizing that the definitive diagnosis of odontogenic
cysts and tumors can only be confirmed by the correlation of
clinical, radiographic, and histopathological analyses.

Since inflammatory odontogenic cysts were considerably more
prevalent, the surgical extraction of partially unerupted ITM,
especially in cases with poor oral health and recurrent pericor-
onitis, might be recommended. Considering completely unerupted
ITM, however, the risks involved in the surgical procedure (e.g.,
paresthesia, hemorrhage, dry socket, and periodontal damage)
should be taken into account, as the prevalence of non-
inflammatory cysts and tumors were considerably lower
compared to inflammatory odontogenic cysts (Friedman, 2007;
Azenha et al., 2014; Huang et al., 2014). In addition, although only
four studies reported data on the age of individuals, the frequency
of cysts and tumors associated with ITM was higher in individuals
more than 40 years of age. This could suggest that the early removal
of ITM may reduce the prevalence of lesions associated with these
teeth. However, further high-quality prospective studies are
needed for a more definitive conclusion on this topic.

5. Conclusion

In conclusion, within the limitations of this SR and MA, the
overall prevalence of odontogenic cysts and tumors associated with
ITM was 5.3% (95%Cl: 3.1%—8.1%). The most frequent lesions were
the radicular cyst, DC, OKC, and ameloblastoma.

Declarations of interest
None.

Acknowledgements

FWM [grant number 88887.200724/2018-00] and GM [grant
number 88887.200723/2018-00] are supported by the Fundacao de
Amparo a Pesquisa e Invovacao do Estado de Santa Catarina (FAPESC).
PVK is supported by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnol6gico (CNPq) [grant number 115274/2018-9].

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcms.2019.03.026.

References

Adeyemo WL: Do pathologies associated with impacted lower third molars justify
prophylactic removal? A critical review of the literature. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 102: 448—452, 2006

Agrawal A, Yadav A, Chandel S, Singh N, Singhal A: Wisdom tooth-complications in
extraction. ] Contemp 15: 34—36, 2014

Akarslan ZZ, Kocabay C: Assessment of the associated symptoms, pathologies, po-
sitions and angulations of bilateral occurring mandibular third molars: is there
any similarity? Oral Surg Oral Med Oral Pathol Oral Radiol Endod 108: e26—e32,
2009

Al-Khateeb TH, Bataineh AB: Pathology associated with impacted mandibular third
molars in a group of Jordanians. ] Oral Maxillofac Surg 64: 1598—1602, 2006

Alamgir W, Mumtaz M, Kazmi F, Baig MA: Cause and effect relationship between
mandibular third molar impactions and associated pathologies. Int ] Adv Res 3:
762767, 2015

Alves-Pereira D, Pereira-Silva D, Figueiredo R, Gay-Escoda C, Valmaseda-
Castellon E: Clinician-related factors behind the decision to extract an
asymptomatic lower third molar. A cross-sectional study based on Spanish
and Portuguese dentists. Med Oral Patol Oral Cir Bucal 22: e609—e615,
2017

Azenha MR, Kato RB, Bueno RB, Neto PJ, Ribeiro MC: Accidents and complications
associated to third molar surgeries performed by dentistry students. Oral
Maxillofac Surg 18: 459—464, 2014

Berge TI: Incidence of large third-molar-associated cystic lesions requiring hospi-
talization. Acta Odontol Scand 54: 327—331, 1996

Bilodeau EA, Collins BM: Odontogenic cysts and neoplasms. Surg Pathol Clin 10:
177-222, 2017

Boffano P, Roccia F, Gallesio C, Berrone S: Pathological mandibular fractures: a review
of the literature of the last two decades. Dent Traumatol 29: 185—196, 2013

Booth A, Clarke M, Ghersi D, Moher D, Petticrew M, Stewart L: An international
registry of systematic-review protocols. Lancet 377: 108—109, 2011

Camargo IB, Sobrinho JB, Andrade ESS, Van Sickels JE: Correlational study of
impacted and non-functional lower third molar position with occurrence of
pathologies. Prog Orthod 17: 17—26, 2016

Eliasson S, Heimdahl A, Nordenram A: Pathological changes related to long-term
impaction of third molars. A radiographic study. Int ] Oral Maxillofac Surg 18:
210-212, 1989

El-Naggar AK, Chan J, Takata T, Grandis ], Blootweg P: Odontogenic and maxillo-
facial bone tumours. In: EI-Naggar AK, Chan ], Takata T, Grandis ], Blootweg P
(eds), WHO classification of head and neck tumors, 4th edn. Lyon: IARC,
203-260, 2017

Friedman JW: The prophylactic extraction of third molars: a public health hazard.
Am ] Public Health 97: 1554—1559, 2007

Gbotolorun OM, Olojede AC, Arotiba GT, Ladeinde AL, Akinwande JA, Bamgbose BO:
Impacted mandibular third molars: presentation and postoperative complica-
tions at the Lagos University Teaching Hospital. Nig Q ] Hosp Med 17: 2629,
2007

Ghaeminia H, Perry ], Nienhuijs ME, Toedtling V, Tummers M, Hoppenreijs TJ, et al:
Surgical removal versus retention for the management of asymptomatic
disease-free impacted wisdom teeth. Cochrane database syst rev (8):
CD003879. https://doi.org/10.1002/14651858.CD003879.pub4, 2016

Gloria JCR, Martins CC, Armond ACV, Galvao EL, Dos Santos CRR, Falci SGM: Third
molar and their relationship with caries on the distal surface of second molar: a
meta-analysis. ] Maxillofac Oral Surg 17: 129—-141, 2018

Glosser JW, Campbell JH: Pathologic change in soft tissues associated with radio-
graphically 'normal' third molar impactions. Br ] Oral Maxillofac Surg 37:
259-260, 1999

Gupta S, Ahuja N: Incidence of cysts and tumours associated with impacted
mandibular third molar: a retrospective study. Ann Int Med Den Res 4:
DE21-DE23, 2018

Giiven O, Keskin A, Akal UK: The incidence of cysts and tumors around impacted
third molars. Int J Oral Maxillofac 29: 131-135, 2000

Huang GJ, Cunha-Cruz J, Rothen M, Spiekerman C, Drangsholt M, Anderson L, et al:
A prospective study of clinical outcomes related to third molar removal or
retention. Am ] Public Health 104: 728—734, 2014

Hunter P, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown M]J: In meta-analyses
of proportion studies, funnel plots were found to be an inaccurate method of
assessing publication bias. ] Clin Epidemiol 67: 897—903, 2014

Joanna Briggs Institute: Joanna Briggs Institute critical appraisal checklist for
studies reporting prevalence data. The Joanna Briggs Institute, 182—188, 2014

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

Karaca C, Dere KA, Er N, Aktas A, Tosun E, Koseoglu OT, et al: Recurrence rate of
odontogenic keratocyst treated by enucleation and peripheral ostectomy:
retrospective case series with up to 12 years of follow-up. Med Oral Patol Oral
Cir Bucal 23: e443—e448, 2018

Kaszor-Urbanowicz K, Zadurska M, Czochrowska E: Impacted teeth: an interdisci-
plinary perspective. Adv Clin Exp Med 25: 575-585, 2016

Knobloch K, Yoon U, Vogt PM: Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement and publication bias. ] Craniomaxillofac
Surg 39: 91-92, 2011

Lau ], Ioannidis JP, Terrin N, Schmid CH, Olkin I: Evidence based medicine: the case
of the misleading funnel plot. BMJ 333: 597—600, 2006

McClary AC, West RB, McClary AC, Pollack JR, Fischbein NJ, Holsinger CF, et al:
Ameloblastoma: a clinical review and trends in management. Eur Arch Oto-
rhinolaryngol 273: 1649—1661, 2016

Nazir A, Akhtar MU, Ali S: Assessment of different patterns of impacted mandibular
third molars and their associated pathologies. ] Adv Med Dent Sci 2: 14—22,
2014

Nuraini H, Yusuf HY, Hardianto A: Prevalence of dentigerous cysts due to impaction
of mandibular third molar teeth. Padjadjaran ] Dent 25: 1-6, 2013

Patil S, Halgatti V,K, Elwal S, Santosh BS, Maheshwari S: Prevalence of cysts and
tumors around the retained and unerupted third molars in the Indian popu-
lation. ] Oral Biol Craniofac Res 4: 82—87, 2014

Philipsen HP, Reichart PA: Unicystic ameloblastoma. A review of 193 cases from the
literature. Oral Oncol 34: 317—325, 1998

Planini¢ D, Bodina I, Peri¢ B: Prevalence of odontogenic keratocysts associated with
impacted third molars. Coll Antropol 34: 221—-224, 2010

Rafetto LK: Managing impacted third molars. Oral Maxillofac Surg Clin North Am
27: 363-371, 2015


https://doi.org/10.1016/j.jcms.2019.03.026
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref1
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref1
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref1
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref1
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref2
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref2
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref2
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref3
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref3
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref3
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref3
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref4
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref4
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref4
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref5
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref5
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref5
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref5
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref6
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref6
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref6
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref6
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref6
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref7
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref7
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref7
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref7
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref8
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref8
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref8
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref9
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref9
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref9
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref10
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref10
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref10
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref11
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref11
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref11
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref12
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref12
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref12
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref12
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref13
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref13
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref13
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref13
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref14
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref14
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref14
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref14
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref14
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref15
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref15
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref15
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref16
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref16
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref16
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref16
https://doi.org/10.1002/14651858.CD003879.pub4
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref18
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref18
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref18
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref18
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref19
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref19
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref19
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref19
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref20
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref20
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref20
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref20
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref21
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref21
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref21
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref22
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref22
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref22
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref22
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref23
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref23
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref23
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref23
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref24
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref24
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref24
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref25
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref25
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref25
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref26
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref26
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref26
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref26
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref26
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref27
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref27
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref27
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref28
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref28
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref28
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref28
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref29
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref29
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref29
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref30
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref30
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref30
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref30
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref31
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref31
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref31
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref32
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref32
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref32
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref33
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref33
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref33
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref33
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref34
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref34
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref34
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref35
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref35
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref35
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref35
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref35
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref36
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref36
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref36

1002 EW. Mello et al. / Journal of Cranio-Maxillo-Facial Surgery 47 (2019) 996—1002

Rakprasitkul S: Pathologic changes in the pericoronal tissues of unerupted third
molars. Quintessence Int 32: 633—638, 2001

Rosa MF, Oliveira MG, Palmeira da Silva V, Rados PV, Sant'Ana Filho M: Relationship
between the positions of impacted third molars and the presence of dentig-
erous cysts. Gen Dent 63: 43—46, 2015

Shahzad MA, Marath MA, Chatha MR, Sohail A: Evaluation of patterns of mandib-
ular third molar impactions and associated pathologies. Pakistan Oral Dent ] 36:
192-196, 2016

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al: Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P)
2015: elaboration and explanation. BMJ 350: g7647, 2015

Shin SM, Choi EJ, Moon SY: Prevalence of pathologies related to impacted
mandibular third molars. SpringerPlus 5: 915—920, 2016

Shoshani-Dror D, Shilo D, Ginini JG, Emodi O, Rachmiel A: Controversy regarding
the need for prophylatic removal of impacted third molars: an overview.
Quintessence Int 49: 653—662, 2018

Stathopoulos P, Mezitis M, Kappatos C, Titsinides S, Stylogianni E: Cysts and tumors
associated with impacted third molars: is prophylactic removal justified? J Oral
Maxillofac Surg 69: 405—408, 2011

Steed MB: The indications for third-molar extractions. ] Am Dent Assoc 145:
570-573, 2014

Stella PEM, Falci SGM, Oliveira de Medeiros LE, Douglas-de-Oliveira DW,
Goncalves PF, Flecha OD, et al: Impact of mandibular third molar extraction in
the second molar periodontal status: a prospective study. ] Indian Soc Perio-
dontol 21: 285-290, 2017

Venta I, Vehkalahti MM, Huumonen S, Suominen AL: Signs of disease occur in the
majority of third molars in an adult population. Int J Oral Maxillofac Surg 46:
1635-1640, 2017

Vigneswaran AT, Shilpa S: The incidence of cysts and tumors associated with
impacted third molars. ] Pharm BioAllied Sci 7: S$251-S254, 2015


http://refhub.elsevier.com/S1010-5182(18)31008-4/sref37
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref37
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref37
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref38
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref38
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref38
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref38
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref39
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref39
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref39
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref39
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref40
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref40
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref40
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref41
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref41
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref41
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref42
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref42
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref42
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref42
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref43
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref43
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref43
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref43
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref44
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref44
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref44
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref45
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref45
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref45
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref45
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref45
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref46
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref46
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref46
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref46
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref47
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref47
http://refhub.elsevier.com/S1010-5182(18)31008-4/sref47

	Prevalence of odontogenic cysts and tumors associated with impacted third molars: A systematic review and meta-analysis
	1. Introduction
	2. Materials and methods
	2.1. Protocol and registration
	2.2. Eligibility criteria
	2.3. Information sources and search strategy
	2.4. Study selection and data collection
	2.5. Risk of bias in individual studies
	2.6. Synthesis of results
	2.7. Additional analyses

	3. Results
	3.1. Studies selection
	3.2. Study characteristics
	3.3. Risk of bias within studies
	3.4. Results of individual studies
	3.5. Synthesis of results
	3.5.1. Overall prevalence
	3.5.2. Prevalence per pathology
	3.5.3. Additional analyses


	4. Discussion
	5. Conclusion
	Declarations of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


