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Abstract: The dental follicle (DF) is the tissue that surrounds the crown of the developing tooth.
In X-ray, images it appears as a radiolucent area. The removal of an impacted mandibular third
molar is a common procedure in oral surgery. The radiographic evidence of pathology, commonly
defined as a pericoronal radiolucency measuring at least mm 2.5 mm in any dimension, is accepted
for the extraction of impacted mandibular third molars. Mesioangular impactions are usually more
closely placed to the inferior alveolar canal, and the use of cone beam computer tomography (CBCT)
before the removal of impacted mandibular third molars has been reported to be appropriate in
these cases. The aim of this study was to evaluate the microscopic features of radiographically
normal DFs associated with mesioangular impacted mandibular third molars examined through
CBCT. Thirteen mesioangular impacted third molars from ten patients (5 males and 5 females, mean
age ± SD: 15.1 ± 1.66) with a maximum width of the DF <2.5 mm, as digitally established by
CBCT, were included in this study. All the DFs associated with the removed third molars were
examined histologically through the analysis of different variables. The mean (±SD) and range of
the maximum width of the DFs were 1.35 (±0.47) mm and 0.71–2.21 mm, respectively. Nine (69.23%)
DFs showed odontogenic remnants, five (38.46%) showed focal squamous metaplasia and eight
(61.53%) mild mesenchymal myxoid degeneration. The maximum width of the DF failed to show
any significant correlation with all the histological variables considered in this study. Aware of the
limited number of patients included in this study, the histo-radiographic correlation in our case series
confirm data in the literature, according to which normal pericoronal imaging may be associated
with DF tissue changes/variations that in turn are potentially associated with the development of
pathologies including odontogenic cysts and tumors. Whether these changes/variations are enough
to make prophylactic germectomy of impacted third molars the standard by themselves remains
to be established. However, they require accurate correlations with the radiographic data for the
appropriate histologic assessment of a DF.

Keywords: dental follicle; lower third molar germ; cone beam computed tomography; oral pathology;
impacted tooth
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1. Introduction

The dental follicle (DF) is the tissue that surrounds the crown of the developing tooth
and remains until the tooth reaches its final position in the dental arch [1,2]. Radiograph-
ically, DF appears as a radiolucent area around the tooth; histologically, it consists of
condensed ectomesenchyme that surrounds the enamel organ and the dental papilla in
association to which forms the germ of the tooth [3–14]. In terms of function, DFs partici-
pate in tooth morphogenesis and directing tooth eruption through cascades of signaling
pathways and different transcriptional factors [1,2,15].

In oral surgery, the removal of a symptomatic impacted third molar or its prophy-
lactic removal is one of the most commonly performed surgical procedures [11]. Indeed,
third molars are the most frequently impacted teeth, and the prevalence of third mo-
lar impaction has been reported to range from 16.7% to 73% [16–20]. Even though it is
well known that DFs around impacted teeth have the potential to develop pathological
conditions, there is no conclusive agreement among clinicians about their prophylactic
removal [4–6,8–11,13,18,21]. Consequently, the pathological potential of impacted third
molars is under continuous investigation.

The radiographic evaluation of the DF represents the main approach used to establish
its physiologic development. Indeed, the DF is considered normal when its maximum
width is lower than 2.5 mm [3–9,11–14,22,23]. At present, it is increasingly common
to have a pre-surgical evaluation using tridimensional radiographic exams (e.g., cone
beam computer tomography, CBCT) [22,24–34]. Because of the low dosage of X-rays
associated with this method, it represents the foremost technique administered in pediatric
patients [35,36]. In the specific context of impacted third molars, CBCT can be more accurate
than conventional two-dimensional radiographic methods in displaying the morphology
of the teeth and of their related anatomical structures, as well as in the measurement of
DF width [14,22,24–34]. For these reasons, CBCT has been recommended for third molar
surgical planning, especially when there is the potential to provide new information that
can impact clinical management decisions not offered by conventional radiography.

Most dental practitioners discard extracted unerupted third molars rather than
sending them for histopathological analysis. Consequently, there are not many stud-
ies focused on the morphology of radiographically normal DFs of impacted third
molars [4–6,9,11,13,21,23,37–41]. In addition, the lack of radiographic evidence of
pathology is not a reliable indicator of the absence of disease, and the prevalence of DF
tissue pathosis has been estimated to be higher than generally assumed from radio-
graphic evaluation alone [5,6,23,40]. For these reasons, we performed this case series
study with the specific aim of histologically evaluating DFs from thirteen consecutive
mesioangular impacted third molars that appeared normal through CBCT analysis.

2. Materials and Methods
2.1. Study Design and Case Selection

This histo-radiographic study was performed to correlate the DFs of the impacted
third molars that were digitally evaluated through CBCT and the histological features
of the DFs of the same excised teeth. All the impacted third molars were mesioangular
and shared radiographically normal DFs. This is the position that is most frequently
observed [14]. Since mesioangular impacted third molars are known to be more closely
placed to the mandibular canal, in these cases CBCT represents a valid tool to assess the
fine relationships between the impacted tooth and the mandibular canal [25,34,42]. DFs
were considered normal when the maximum width of the DF was <2.5 mm, as reported
previously [3–9,11–14,22,23]. This study was performed according to the guidelines rec-
ommended by the Consolidated Standard of Reporting Trials (CONSORT 2010) and was
approved by the ethics review board of the Azienda Ospedaliero—Universitaria Policlinico
Umberto I of Rome (Rif. 2947/24.10.2013). All patients and their parents/legal guardians
were informed in advance that scans and histological samples might be anonymously used
for research reasons later. All the extractions were performed at the Pediatric Dentistry
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Unit of the Azienda Ospedaliero—Universitaria Policlinico Umberto I of Rome. Inclusion
criteria included the following: patients aged between 13 and 17 years old, at least one germ
of the mandibular third molar, mesioangular impaction according to Winter’s classification,
evidence of orthodontic indications for its extraction (e.g., the need to move the second
molar distally), the absence of systemic disease, the availability of signed consent by the
parents/legal guardians, and width of the DF at CBCT <2.5 mm [43]. Exclusion criteria
included the following: patients aged outside the range 13–17 years, the absence of both
germs of the mandibular third molar or indications of orthodontics, a lack of mesioangular
impaction according to Winter’s classification, the presence of systemic disease, the lack of
signed consent by the parents/legal guardians, and width of the DF at CBCT >2.5 mm [43].
The excised DFs were examined histologically. Based on the above criteria, ten consecutive
patients and thirteen impacted third molars were included in the study.

2.2. CBCT Evaluation of the DFs

CBCT was performed as described previously [36]. Briefly, imaging was executed
with a Newtom 5G device (Cefla S.C., Verona, Italy). Device settings were set at 8 mA and
90 kV. Each field of view (FOV) mode was 5 × 5 cm, with an isotropic voxel size of 0.4 mm.
The stage of development of the third impacted molar was established according to Nolla’s
classification [44]. The follicular spaces were digitally measured from the midpoint of
the dental crown on axial, sagittal and coronal planes as described previously [14]. The
maximum width for each impacted third molar was considered for the analysis. In each
case, the impacted tooth was removed under local anesthesia. The DFs were carefully
detached from the removed tooth. In all patients the sutures were removed ten days
after surgery. Although studies in the literature describe better wound healing when a
photobiomodulation was performed [45], no additional therapies were used in favor of
healing in this study. Representative images of the impacted third molars as viewed in the
different CBCT planes are illustrated in Figure 1.
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Figure 1. Representative CBCT views of impacted third molars on axial (left panel),
sagittal (middle panel) and coronal (right panel) planes.

2.3. Histological Evaluation of the DFs

For histological analysis, DFs were routinely processed for paraffin embedding. Sec-
tions with 4 µm thickness were cut from the paraffin blocks and stained with hematoxylin-
eosin and, to evaluate fibrosis more accurately, with Picrosirius red. As in the previous
work of Esen et al. [13], the following parameters were considered: epithelial atrophy and
spongiosis, type and severity of epithelial and mesenchymal inflammation, erosion/ulcer
development, odontogenic remnants, fibrosis, granulation tissue, mesenchymal myxoid
degeneration and squamous metaplasia. A semi-quantitative analysis of the DFs was per-
formed as reported by Esen et al. [13]. Specifically, all the parameters were dichotomized
as absent or present. In addition, when present, the epithelial and mesenchymal inflamma-
tion was defined as neutrophil predominant or mixed and lymphocyte predominant or
mixed, respectively. They were graded as mild or moderate/severe in both cases, and the
mesenchymal myxoid degeneration was also graded as either mild or moderate/severe.
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Representative images of the epithelial lining of the DF and the histological parameters
evaluated in this study are shown in Figure 2.
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Figure 2. Representative histological images of the epithelial lining of the DF and of the parameters
evaluated in this study. The epithelial lining of the DF appears cuboidal (A) or squamous (B). In (C),
the squamous epithelial lining is atrophic, spongiotic and inflamed. Inflammatory infiltrates are also
present in the superficial (asterisk in (C)) and in the deeper (D) portion of the DF connective tissue.
Two odontogenic epithelial remnants are illustrated in (E) (arrows). The images in (F,G) show the
dense (fibrosis) and loose (myxoid degeneration) appearance of the DF connective tissue, respectively.
Hematoxylin-eosin. Bars: 50 µm.

2.4. Statistical Analysis

The data analysis was conducted with R and SAS Enterprise Guide (Version 7.15).
Standard descriptive statistics were used to evaluate the distribution of each variable.
Continuous variables were reported as means ± standard deviations and categorical
variables as frequencies. The distribution of variables between male and females were
compared with either a χ2 test or Fisher’s exact test and a Mann–Whitney U test, as
appropriate. Correlations between variables were assessed by correlation matrices and
the use of either Pearson (parametric) or Spearman (nonparametric) correlation methods
where appropriate. A p-value < 0.05 was considered significant.

3. Results
3.1. Patients

The mean age (±SD) of the patients was 15.1 (±1.66) years (males 14.8 ± 1.09 and
females 15.4 ± 2.19) and the age range 13–17 years (males 14–16 and females 13–17). Seven
of the impacted third molars were from males (53.8%) and six from females (46.2%). All
the impacted teeth were from the mandibular dental arcade (seven from the left and six
from the right side). In three cases (two males and one female), the impacted third molar
was bilateral.

3.2. CBCT and Histological Evaluation of the DFs

According to Nolla’s classification, three of the impacted third molars (from two
females) were stage 5, six (four from males and two from females) stage 6 and four (three
from males and one from females) stage 7. The mean (±SD) and range of the maximum
width of the DFs were mm 1.35 (±0.47) and 0.71–2.21 mm, respectively. Based on gender,
the mean (±SD) and range of the maximum width of the DFs were mm 1.43 (±0.45)
and mm 0.71–2.12 in males, and mm 1.26 (±0.52) and mm 0.72–2.21 in females, respectively.
Statistical analysis failed to reveal significant differences between males and females, and
no statistically significant correlation was demonstrated between the maximum width of
the DF and patient gender (χ2 = 0.929; p = 0.629) or Nolla’s stage (χ2 = 0.3375.; p = 0.8447).



Appl. Sci. 2021, 11, 5682 5 of 10

At a histological level, all DFs showed some epithelial lining. As expected from the
age of the patients [3,45], reduced enamel epithelium was predominant. Five DFs (38.46%)
showed focal squamous metaplasia, two (15.38%) and three (23.07%) demonstrated some
degree of epithelial atrophy and spongiosis, respectively, nine (69.23%) odontogenic rem-
nants, four (30.76%) some degree of fibrosis, and eight (61.53%) mild mesenchymal myxoid
degeneration. Odontogenic residues were occasionally centered by calcifications and de-
tected in four of the DFs with squamous metaplasia, in two with some degree of fibrosis and
in six with mild mesenchymal myxoid degeneration. These stromal changes were observed
in four DFs with squamous metaplasia. Inflammation was detected in two DFs (15.39%)
from the same patient (male, 16 years). In the right DF, it involved both the connective
tissue and the metaplastic squamous epithelium, was graded as mild in the epithelium and
moderate/severe in the connective tissue and included both neutrophil granulocytes (that
were predominant within the epithelium) and lymphocytes. In the left DF, it was limited to
the connective tissue, was graded as mild and included only mononucleated leucocytes.
Focal erosion was detected in one DF (7.7%, the right DF described above) while ulcer and
granulation tissue were consistently absent. Statistical analysis failed to reveal significant
differences between males and females. A synopsis of the histological semi-quantitative
analysis is reported in Table 1.

Table 1. Semi-quantitative analysis of the histological parameters evaluated in this study.

Histologic Parameter Frequency (%)

-Squamous metaplasia
No 8/13 (61.53%)
Yes 5/13 (38.46%)

-Epithelial atrophy
No 11/13 (84.61%)
Yes 2/13 (15.38%)

-Epithelial spongiosis
No 10/13 (76.92%)
Yes 3/13 (23.07%)

-Odontogenic remnants
No 4/13 (30.76%)
Yes 9/13 (69.23%)

-Fibrosis
No 9/13 (69.23%)
Yes 4/13 (30.76%)

-Mesenchymal myxoid degeneration
No 5/13 (38.46%)
Mild 8/13 (61.53%)

Moderate/severe 0
-Epithelial inflammation

No 12/13 (92.3%)
Mild (mixed inflammatory infiltrate) 1/13 (7.69%)
Moderate/severe 0

-Mesenchymal inflammation
No 11/13 (84.61%)
Mild (lymphocyte predominant) 1/13 (7.69%)
Moderate/severe (mixed inflammatory infiltrate) 1/13 (7.69%)

-Erosion/ulcer
No 12 (92.3%)
Erosion 1 (7.69%)
Ulcer 0

-Granulation tissue
No 13 (100%)
Yes 0

A correlation matrix was used to summarize the data for statistical analysis. The
coefficients between the different clinical-pathological variables are reported in Figure 3.
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The maximum width of the DF failed to show significant correlation with all the histological
variables considered in this study.
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4. Discussion

DFs and the dental papillae are the immature tissues that compose the ectomes-
enchymal portion of tooth germ [1,2]. DFs develop into the periodontal ligaments and
attachments, and dental papillae provide for the formation of dentin and mature into the
pulp tissue [1,2]. They appear radiographically as semicircular radiolucencies around
unerupted or impacted teeth and histologically consist of connective tissue with variable
amounts of lining epithelium, epithelial odontogenic remnants, myxoid change and calcifi-
cations [4,13]. DF enlargement or asymmetry may occur, particularly in impacted third
molars, and tissue components of the DF may be histologically misinterpreted with diverse
pathological conditions [4]. Thus, accurate correlation of the clinical-radiographical and
histological findings is mandatory to establish a proper diagnosis.

Since impaction of the third molar has been reported to occur in up to 73% [16–20],
third molar removal is one of the most frequently performed operations in dentistry.
However, the need for the removal of impacted third molars is still controversial. In
symptomatic cases or when carious lesions, orthodontic problems, periodontal disease and
cysts/tumors are present, the indication is clear. However, the rationale to remove them
when asymptomatic (i.e., prophylactically) is not [4–6,8–11,13,18,21]. Prophylactic removal
can be reasonably considered to preserve the results of orthodontic treatment, to avoid
operative complications on the inferior alveolar nerve complicating avulsions in adulthood
and, in principle, to prevent the development of inflammatory states (pericoronitis) or
cysts/tumors (dentigerous cyst, odontogenic keratocyst, ameloblastoma). However, no
more than 12% of impacted teeth have been estimated to be associated with pathological
conditions, including cysts and damage to adjacent teeth [46,47].

According to the recommendations of the National Institutes of Health, impacted
(and erupted) mandibular third molars with evidence of follicular enlargement should be
considered for extraction, and the associated soft tissue always submitted for microscopic
examination [48]. A pericoronal radiolucency of <2.5 mm on conventional two-dimensional
radiographic methods is considered non-pathologic [3–9,11–14,22,23]. In this case series,
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we investigated the tissue changes occurring in the DFs of thirteen mesioangular impacted
third molars evaluated through CBCT in which the maximum width of the DF was <2.5 mm.
CBCT is more accurate compared to conventional two-dimensional radiographic methods
in the general evaluation of impacted third molars. Indeed, it makes it possible to define
the relationship between bone structures and the impacted third molars with better spatial
resolution. It also permits us to establish the type of impaction, the size of the follicle, the
inclination of the long axis of the tooth, the 3D position of the tooth and its relationship
with the medullary canal, as well as the amount of bone around the tooth [14,22,24–34]. In
one study, Ghaeminia et al. evaluated the role of CBCT in the treatment of patients with
impacted mandibular third molars at increased risk of inferior alveolar nerve injury [24].
Through CBCT analysis, the authors reclassified significantly more subjects to a lower risk
for inferior alveolar nerve injury compared with panoramic radiography, with a consequent
change in risk assessment and in the surgical approach.

In all cases included in this study, DFs were normal at CBCT evaluation, and third
molar extraction was performed based on orthodontic indications. Pathologic analysis of
the DFs included the evaluation of the same histological variables considered by Esen et al.
in their series of patients [4]. Overall, our histological data indicate that tissue variations
and changes may also occur in the DFs from impacted asymptomatic third molars when
they appear normal through CBCT. However, of the considered histological variables, only
odontogenic remnants and mild mesenchymal degeneration were appreciable in more than
half of the samples. Of note, squamous metaplasia, the presence of which has been consid-
ered by some authors but not by others to be indicative of the development of a dentigerous
cyst, was observed in 5 out of the 13 DFs (38.46%) [5,6,13,37,38,40]. Obviously, the evidence
of odontogenic remnants, mesenchymal degeneration and squamous metaplasia has no
prospective value per se, but their appropriate evaluation has important clinicopathologic
implications for the correct assessment of a DF as normal. This is mandatory to avoid
histological misinterpretation and, consequently, histological misdiagnosis that can be
related to the lack of familiarity and experience with these tissue specimens [4].

The presence of odontogenic remnants within the connective tissue of DFs is a well-
known phenomenon [4]. It is generally thought that odontogenic remnants are inactive and
do not have clinical significance. Thus, their evidence is not synonymous of a pathologic
DF per se. However, they represent the source of odontogenic lesions including cysts
and tumors [38]. In addition, their frequency and number have been reported to decrease
with the increase in patient age [45,49]. In the present series, odontogenic remnants were
detected in 69.23% (9/13) of the samples. This value is remarkably like that previously
reported by Kim and Ellis in their study on 847 DFs [4]. Features of ameloblastic differenti-
ation including tall columnar cells with nuclear polarization and stellate reticulum type
tissue, as well as nuclear and cytoplasmic pleomorphism and/or mitotic activity, amyloid
deposition and Liesegang-ring-type calcifications have to be searched carefully to avoid
misdiagnosis. Indeed, the absence of these features is the mainstay to differentiate normal
DFs from diverse odontogenic tumors including ameloblastomas, ameloblastic fibromas
and calcifying epithelial odontogenic tumor (Pindborg tumor). In the present study, these
features were not detected in any of the DFs in which odontogenic remnants were found.

Myxoid changes were detected in 61.53% (8/13) of the samples included in this study.
This value is also substantially like that previously reported by Kim and Ellis in their
study [4]. To be aware of this change is important, because an absence of appropriate
radiographic correlation may lead to the misinterpretation of a normal DF with myxoma [4].
Indeed, DFs appear radiographically as well-demarcated, thin, semicircular and usually
symmetric radiolucencies around unerupted teeth; are virtually always less than mm 3 mm
thick; and are never destructive. In contrast, myxomas appear as larger and typically poorly
circumscribed, and are often expansile, destructive radiolucent lesions. When radiographic
data are not available, the evidence of an epithelial lining, as in our samples, makes the
recognition of DF possible because it always lacks in myxomas.
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Squamous metaplasia has been considered a histopathologic feature indicative of
the development of a dentigerous cyst in some studies [5,6,13,40]. Consequently, it is
not a surprise that the diagnosis of dentigerous cyst is the most common misdiagnosis
of DFs [4]. Of note, the evidence of squamous metaplasia (and the risk of dentigerous
cyst development) is known to increase with age [5,6]. For example, the frequency of
squamous epithelium was reported by Stanley et al. to be 16.7% in patients 13 to 21 years
old and 73.9% in patients 22 to 69 years old [45]. Similarly, in the series of Adelsperger
et al., squamous metaplasia was found in nearly one-fifth of specimens from patients under
the age of eighteen and nearly half of specimens from patients aged 18 or older [6]. Thus, it
is well established that squamous metaplasia may be observed, as in our series, in children
and adolescents as well. In principle, removal of third molar teeth in these cases could
result in the removal of DF tissues before they can progress to a radiographically detectable
lesion. Since criteria for separating DF and dentigerous cyst have not been established,
individual and differing perceptions of the requirements for the diagnosis of dentigerous
cyst may determine which tissue changes are deemed cystic [23,37]. We completely agree
with Tegginami and Prasad, according to which the evidence of squamous epithelium
in place of reduced enamel epithelium reflects a squamous metaplasia rather than the
evolution to a dentigerous cyst, at least when pericoronal radiolucency is, as in our cases,
less than 2.5 mm [23].

Interestingly, in our series, in two DFs from the same patient (male, 17 years), squa-
mous metaplasia was associated with florid DF connective tissue, as well as epithelial
inflammatory infiltrate and changes (atrophy and spongiosis). This case may support the
hypothesis of Esen et al., which claims an inflammatory state may contribute to enhance
the development of the squamous metaplasia and that the delay in impacted third mo-
lar surgery can lead to an increase in the severity of inflammation. This in turn could
contribute to further pathological changes including the development of a dentigerous
cyst [13].

5. Conclusions

Aware of the small number of samples included in this study, making a general
unequivocal conclusion impossible, our histo-radiographic study confirms that normal
pericoronal imaging, as established using a highly sensitive technique, CBCT, may be
associated with DF tissue variations and changes. It is currently not possible to predict
which radiographically normal third molar impacted tooth will progress to clinically
detectable pathologies. It remains to be established if these variations, as the presence
of odontogenic remnants and changes (as the evidence of squamous metaplasia), are per
se enough to make the prophylactic extraction of asymptomatic impacted third molars
the standard. However, keeping in mind that the frequency of pathologies associated
to impacted teeth is low, prophylactic third-molar extraction does not seem to meet the
standard of evidence-based practice [50]. Without doubt, all DFs associated with the germ
of an extracted impacted third molar need to be examined histologically, with clinical and
radiographic features properly considered to avoid misinterpretation and misdiagnosis.

Author Contributions: Conceptualization, G.D., F.Z. and G.L.S.; methodology, G.D., F.Z. and A.B.;
software, F.M.D.; data curation, A.C., M.D.S.V., D.M. and G.L.S.; writing—original draft preparation,
G.D. and F.Z.; writing—review and editing, G.D., F.Z. and A.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the ethics review board of the Azienda Ospedaliero—
Universitaria Policlinico Umberto I di Roma (Rif. 2947/24.10.2013).

Informed Consent Statement: Written informed consent was obtained from the parents/legal
guardians of the all the patients included in the study.



Appl. Sci. 2021, 11, 5682 9 of 10

Data Availability Statement: Data are available from the authors upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rothová, M.; Peterková, R.; Tucker, A.S. Fate map of the dental mesenchyme: Dynamic development of the dental papilla and

follicle. Dev. Biol. 2012, 366, 244–254. [CrossRef] [PubMed]
2. Svandova, E.; Peterkova, R.; Matalova, E.; Lesot, H. Formation and Developmental Specification of the Odontogenic and

Osteogenic Mesenchymes. Front. Cell Dev. Biol. 2020, 8, 640. [CrossRef] [PubMed]
3. Eliasson, S.; Heimdahl, A.; Nordenram, A. Pathological changes related to long-term impaction of third molars: A radiographic

study. Int. J. Oral Maxillofac. Surg. 1989, 18, 210–212. [CrossRef]
4. Kim, J.; Ellis, G.L. Dental follicular tissue: Misinterpretation as odontogenic tumors. J. Oral Maxillofac Surg. 1993, 51, 762–767.

[CrossRef]
5. Glosser, J.W.; Campbell, J.H. Pathologic change in soft tissues associated with radiographically normal third molar impactions.

Br. J. Oral Maxillofac. Surg. 1999, 37, 259–260. [CrossRef]
6. Adelsperger, J.; Campbell, J.H.; Coates, D.B.; Summerlin, D.J.; Tomich, C.E. Early soft tissue pathosis associated with impacted

third molars without pericoronal radiolucency. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2000, 89, 402–406. [CrossRef]
7. Farah, C.S.; Savage, N.W. Pericoronal radiolucencies and the significance of early detection. Aust. Dent. J. 2002, 47, 262–265.

[CrossRef]
8. Chu, F.C.; Li, T.K.; Lui, V.K.; Newsome, P.R.; Chow, R.L.; Cheung, L.K. Prevalence of impacted teeth and associated pathologies:

A radiographic study of Chinese population. Hong Kong Med. J. 2003, 9, 158–163.
9. Edamatsu, M.; Kumamoto, H.; Ooya, K.; Echigo, S. Apoptosis-related factors in the epithelial components of dental follicles

and dentigerous cysts associated with impacted third molars of the mandible. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.
Endodontology 2005, 99, 17–23. [CrossRef]

10. Juodzbalys, G.; Daugela, P. Mandibular third molar impaction: Review of literature and a proposal of a classification. J. Oral
Maxillofac. Res. 2013, 4, e1.

11. Costa, F.W.; Viana, T.S.; Cavalcante, G.M.; de Barros Silva, P.G.; Cavalcante, R.B.; Nogueira, A.S.; Pereira, K.M. A clinicora-
diographic and pathological study of pericoronal follicles associated to mandibular third molars. J. Craniofacial Surg. 2014, 25,
e283–e287. [CrossRef]

12. Haghanifar, S.; Moudi, E.; Seyedmajidi, M.; Mehdizadeh, M.; Nosrati, K.; Abbaszadeh, N.; Bijani, A.; Ghorbani, H. Can the
follicle-crown ratio of the impacted third molars be a reliable indicator of pathologic problem? J. Dent. 2014, 15, 187–191.

13. Esen, A.; Isik, K.; Findik, S.; Suren, D. Histopathological evaluation of dental follicles of clinically symptomatic and asymptomatic
impacted third molars. Niger. J. Clin. Pract. 2016, 19, 616–621. [CrossRef] [PubMed]

14. Barroso, M.; Arriola-Guillén, L.E.; Rodríguez-Cárdenas, Y.A.; Ruíz-Mora, G.A.; Guerrero, M.E.; Flores-Mir, C. Tridimensional
assessment of the dental follicle dimensions of impacted mandibular third molars using cone-beam CT. J. Clin. Exp. Dent. 2018,
10, e726–e731. [CrossRef] [PubMed]

15. Zhou, T.; Pan, J.; Wu, P.; Huang, R.; Du, W.; Zhou, Y.; Wan, M.; Fan, Y.; Xu, X.; Zhou, X.; et al. Dental Follicle Cells: Roles in
Development and Beyond. Stem Cells Int. 2019, 15, 9159605. [CrossRef] [PubMed]

16. Quek, S.L.; Tay, C.K.; Tay, K.H.; Toh, S.L.; Lim, K.C. Pattern of third molar impaction in a Singapore Chinese population: A
retrospective radiographic survey. Int J. Oral Maxillofac Surg. 2003, 32, 548–552. [CrossRef]

17. Kaya, G.S.; Aslan, M.; Ömezli, M.M.; Dayi, E. Some morphological features related to mandibular third molar impaction. J. Clin.
Exp. Dent. 2010, 2, e50–e57. [CrossRef]

18. 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. 2011, 69, 405–408. [CrossRef] [PubMed]

19. Hashemipour, M.A.; Tahmasbi-Arashlow, M.; Fahimi-Hanzaei, F. Incidence of impacted mandibular and maxillary third molars:
A radiographic study in a Southeast Iran population. Med. Oral Patol. Oral Cir. Bucal 2013, 18, 40–45.

20. Khawaja, N.A.; Khalil, H.; Parveen, K.; Al-Mutiri, A.; Al-Mutiri, S.; Al-Saawi, A. A Retrospective Radiographic Survey of
Pathology Associated with Impacted Third Molars among Patients Seen in Oral & Maxillofacial Surgery Clinic of College of
Dentistry, Riyadh. J. Int. Oral Health 2015, 7, 13–17.

21. Yildirim, G.; Ataoglu, H.; Mihmanli, A.; Kiziloglu, D.; Avunduk, M.C. Pathologic changes in soft tissues associated with
asymptomatic impacted third molars. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2008, 106, 14–18. [CrossRef]
[PubMed]

22. Matzen, L.H.; Hintze, H.; Spin-Neto, R.; Wenzel, A. Reproducibility of mandibular third molar assessment comparing two cone
beam CT units in a matched pairs design. Dentomaxillofacial Radiol. 2013, 42, 20130228. [CrossRef] [PubMed]

23. Tegginamani, A.S.; Prasad, R. Histopathologic evaluation of follicular tissues associated with impacted lower third molars. J. Oral
Maxillofac. Pathol. 2013, 17, 41–44. [CrossRef] [PubMed]

24. Ghaeminia, H.; Meijer, G.J.; Soehardi, A.; Borstlap, W.A.; Mulder, J.; Vlijmen, O.J.; Bergé, S.J.; Maal, T.J. The use of cone beam CT
for the removal of wisdom teeth changes the surgical approach compared with panoramic radiography: A pilot study. Int. J. Oral
Maxillofac. Surg. 2011, 40, 834–839. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ydbio.2012.03.018
http://www.ncbi.nlm.nih.gov/pubmed/22542602
http://doi.org/10.3389/fcell.2020.00640
http://www.ncbi.nlm.nih.gov/pubmed/32850793
http://doi.org/10.1016/S0901-5027(89)80055-4
http://doi.org/10.1016/S0278-2391(10)80417-3
http://doi.org/10.1054/bjom.1999.0061
http://doi.org/10.1016/S1079-2104(00)70119-3
http://doi.org/10.1111/j.1834-7819.2002.tb00340.x
http://doi.org/10.1016/j.tripleo.2004.04.016
http://doi.org/10.1097/SCS.0000000000000712
http://doi.org/10.4103/1119-3077.188700
http://www.ncbi.nlm.nih.gov/pubmed/27538550
http://doi.org/10.4317/jced.54310
http://www.ncbi.nlm.nih.gov/pubmed/30305868
http://doi.org/10.1155/2019/9159605
http://www.ncbi.nlm.nih.gov/pubmed/31636679
http://doi.org/10.1016/S0901-5027(03)90413-9
http://doi.org/10.4317/jced.2.e12
http://doi.org/10.1016/j.joms.2010.05.025
http://www.ncbi.nlm.nih.gov/pubmed/21050646
http://doi.org/10.1016/j.tripleo.2007.11.021
http://www.ncbi.nlm.nih.gov/pubmed/18439856
http://doi.org/10.1259/dmfr.20130228
http://www.ncbi.nlm.nih.gov/pubmed/24052253
http://doi.org/10.4103/0973-029X.110713
http://www.ncbi.nlm.nih.gov/pubmed/23798828
http://doi.org/10.1016/j.ijom.2011.02.032
http://www.ncbi.nlm.nih.gov/pubmed/21507612


Appl. Sci. 2021, 11, 5682 10 of 10

25. Maglione, M.; Costantinides, F.; Bazzocchi, G. Classification of impacted mandibular third molars on cone-beam CT images. J.
Clin. Exp. Dent. 2015, 7, e224–e231. [CrossRef]

26. Matzen, L.H.; Wenzel, A. Efficacy of CBCT for assessment of impacted mandibular third molars: A review-based on a hierarchical
model of evidence. Dentomaxillofacial Radiol. 2015, 44, 20140189. [CrossRef]

27. Badawy, I.N.; El Prince, N.H.; El Ashwah, A.A. Evaluation of panoramic X-ray versus cone beam computerized tomography in
surgical removal of horizontally impacted mandibular third molars. Alex. Dent. J. 2016, 41, 277–282. [CrossRef]

28. Pippi, R.; Santoro, M.; D’Ambrosio, F. Accuracy of cone-beam computed tomography in defining spatial relationships between
third molar roots and inferior alveolar nerve. Eur. J. Dent. 2016, 10, 454–458. [CrossRef] [PubMed]

29. Korkmaz, Y.T.; Kayıpmaz, S.; Senel, F.C.; Atasoy, K.T.; Gumrukcu, Z. Does additional cone beam computed tomography decrease
the risk of inferior alveolar nerve injury in high-risk cases undergoing third molar surgery? Does CBCT decrease the risk of IAN
injury? Int. J. Oral Maxillofac. Surg. 2017, 46, 628–635. [CrossRef] [PubMed]

30. Rodriguez, Y.; Baena, R.; Beltrami, R.; Tagliabo, A.; Rizzo, S.; Lupi, S.M. Differences between panoramic and Cone Beam-CT in
the surgical evaluation of lower third molars. J. Clin. Exp. Dent. 2017, 9, e259–e265.

31. Ghai, S.; Choudhury, S. Role of Panoramic Imaging and Cone Beam CT for Assessment of Inferior Alveolar Nerve Exposure
and Subsequent Paresthesia Following Removal of Impacted Mandibular Third Molar. J. Maxillofac Oral Surg. 2018, 17, 242–247.
[CrossRef]

32. De Toledo Telles Araujo, G.; Peralta-Mamani, M.; de Fatima Moraes da Silva, A.; Rubira, C.M.F.; Honório, H.M.; Rubira-Bullen,
I.R.F. Influence of cone beam computed tomography versus panoramic radiography on the surgical technique of third molar
removal: A systematic review. Int. J. Oral Maxillofac. Surg. 2019, 48, 1340–1347. [CrossRef]

33. Matzen, L.H.; Berkhout, E. Cone beam CT imaging of the mandibular third molar: A position paper prepared by the European
Academy of DentoMaxilloFacial Radiology (EADMFR). Dentomaxillofacial Radiol. 2019, 48, 20190039. [CrossRef]

34. Patel, P.S.; Shah, J.S.; Dudhia, B.B.; Butala, P.B.; Jani, Y.V.; Macwan, R.S. Comparison of panoramic radiograph and cone beam
computed tomography findings for impacted mandibular third molar root and inferior alveolar nerve canal relation. Indian J.
Dent. Res. 2020, 31, 91–102. [CrossRef] [PubMed]

35. Sun, R.; Cai, Y.; Yuan, Y.; Zhao, J.H. The characteristics of adjacent anatomy of mandibular third molar germs: A CBCT study to
assess the risk of extraction. Sci. Rep. 2017, 7, 14154. [CrossRef]

36. D’Angeli, G.; Messineo, D.; Riminucci, M.; Corsi, A.; Celli, M.; Vozza, I.; Sfasciotti, G.L. The Characteristics of Adjacent Anatomy
of Mandibular Third Molar Germs: A CBCT Pilot Study in Patients with Osteogenesis Imperfecta. Healthcare 2020, 8, 372.
[CrossRef] [PubMed]

37. Slater, L.J. Dentigerous cyst versus dental follicle. Br. J. Oral Maxillofac. Surg. 2000, 38, 402. [CrossRef] [PubMed]
38. Curran, A.E.; Damm, D.D.; Drummond, J.F. Pathologically significant pericoronal lesions in adults: Histopathologic evaluation. J.

Oral Maxillofac. Surg. 2002, 60, 613–617. [CrossRef]
39. Cabbar, F.; Güler, N.; Comunoglu, N.; Sençift, K.; Cöloglu, S. Determination of potential cellular proliferation in the odontogenic

epithelia of the dental follicle of the asymptomatic impacted third molars. J. Oral Maxillofac. Surg. 2008, 66, 2004–2011. [CrossRef]
40. Saravana, G.H.; Subhashraj, K. Cystic changes in dental follicle associated with radiographically normal impacted mandibular

third molar. Br. J. Oral Maxillofac. Surg. 2008, 46, 552–553. [CrossRef]
41. De Mello Palma, V.; Danesi, C.C.; Arend, C.F.; Venturini, A.B.; Blaya, D.S.; Neto, M.M.; Flores, J.A.; Ferrazzo, K.L. Study of

Pathological Changes in the Dental Follicle of Disease-Free Impacted Third Molars. J. Maxillofac. Oral Surg. 2018, 17, 611–615.
[CrossRef]

42. Deshpande, P.; Guledgud, M.V.; Patil, K. Proximity of impacted mandibular third molars to the inferior alveolar canal and its
radiographic predictors: A panoramic radiographic study. J. Maxillofac. Oral Surg. 2013, 12, 145–151. [CrossRef] [PubMed]

43. Bishara, S.E.; Andreasen, G. Third molars: A review. Am. J. Orthod. 1983, 83, 131–137. [CrossRef]
44. Nolla, C.M. The development of the permanent teeth. J. Dent. Child. 1960, 27, 254–266.
45. Stanley, H.R.; Krogh, H.; Pannkuk, E. Age changes in the epithelial components of follicles (dental sac) associated with impacted

third molars. Oral Surg. Oral Med. Oral Pathol. 1965, 19, 128–139. [CrossRef]
46. Stanley, H.R.; Alattar, M.; Collett, W.K.; Stringfellow, H.R.; Spiegel, E.H. Pathological sequelae of “neglected” impacted third

molars. J. Oral Pathol. 1988, 17, 113–117. [CrossRef]
47. Leonard, M.S. Removing third molars: A review for the general practitioner. J. Am. Dent. Assoc. 1992, 123, 77–92. [CrossRef]
48. National Institute of Health. Removal of third molars. Sponsored by the National Institute of Dental Research. Natl. Inst. Health

Consens Dev. Conf. Summ. 1979, 2, 65–68.
49. Meleti, M.; Van der Waal, I. Clinicopathological evaluation of 164 dental follicles and dentigerous cysts with emphasis on the

presence of odontogenic epithelium in the connective tissue. The hypothesis of “focal ameloblastoma”. Med. Oral Patol. Oral Cir.
Bucal 2013, 18, e60–e64. [CrossRef]

50. Friedman, J.W. The prophylactic extraction of third molars: A public health hazard. Am. J. Public Health 2007, 97, 1554–1559.
[CrossRef]

http://doi.org/10.4317/jced.51984
http://doi.org/10.1259/dmfr.20140189
http://doi.org/10.21608/adjalexu.2016.58039
http://doi.org/10.4103/1305-7456.195168
http://www.ncbi.nlm.nih.gov/pubmed/28042257
http://doi.org/10.1016/j.ijom.2017.01.001
http://www.ncbi.nlm.nih.gov/pubmed/28174060
http://doi.org/10.1007/s12663-017-1026-7
http://doi.org/10.1016/j.ijom.2019.04.003
http://doi.org/10.1259/dmfr.20190039
http://doi.org/10.4103/ijdr.IJDR_540_18
http://www.ncbi.nlm.nih.gov/pubmed/32246689
http://doi.org/10.1038/s41598-017-14144-y
http://doi.org/10.3390/healthcare8040372
http://www.ncbi.nlm.nih.gov/pubmed/33008080
http://doi.org/10.1054/bjom.1999.0249
http://www.ncbi.nlm.nih.gov/pubmed/10922178
http://doi.org/10.1053/joms.2002.33103
http://doi.org/10.1016/j.joms.2008.06.011
http://doi.org/10.1016/j.bjoms.2008.02.008
http://doi.org/10.1007/s12663-018-1131-2
http://doi.org/10.1007/s12663-012-0409-z
http://www.ncbi.nlm.nih.gov/pubmed/24431832
http://doi.org/10.1016/S0002-9416(83)90298-1
http://doi.org/10.1016/0030-4220(65)90226-4
http://doi.org/10.1111/j.1600-0714.1988.tb01896.x
http://doi.org/10.14219/jada.archive.1992.0041
http://doi.org/10.4317/medoral.18372
http://doi.org/10.2105/AJPH.2006.100271

	Introduction 
	Materials and Methods 
	Study Design and Case Selection 
	CBCT Evaluation of the DFs 
	Histological Evaluation of the DFs 
	Statistical Analysis 

	Results 
	Patients 
	CBCT and Histological Evaluation of the DFs 

	Discussion 
	Conclusions 
	References

