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Abstract

Background: Dens invaginatus is a developmental dental anomaly resulting from an invagination of dental tissues
folding from the outer surface towards dental pulp. The aim of this systematic review and meta-analysis was to
determine the prevalence of dens invaginatus using cone beam computed tomography (CBCT).

Material and Methods: A systematic review was conducted following PRISMA statements. The research question
was: What is the prevalence of dens invaginatus in the adult population assessed by CBCT? The MeSH terms were
used to search articles published in the electronic database PubMed. Studies were selected considering predeter-
mined eligibility criteria. The Robins-I tool developed by Cochrane was used to assess methodological quality and
risk of bias.

Results: Four studies were included in this systematic review, including 2009 CBCT images. The overall preva-
lence of dens invaginatus was 9.0% (95% CI = 7.2 — 10.8%; p < 0.001). Three studies were considered of low risk
of bias.

Conclusions: The results of this systematic review and meta-analysis show that prevalence of dens invaginatus
using CBCT was higher than previous estimations carried out with conventional radiographs. Therefore, an early
identification and a correct management of invaginated teeth is essential for improving the prognosis of these teeth.
It can be concluded that teeth with dens invaginatus should always be studied using CBCT.
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Introduction

Dens invaginatus, also known as dens in dente, is a den-
tal development anomaly that results in an invagination
into the tooth, because dental tissues creates a folding
from the outer surface towards the pulp, prior to dental
tissues calcification (1).

Many etiopathogenic theories have been suggested to
explain this process. Kronfeld et al. (2) suggested that
it was result of a retarded proliferation of a particular
group of cells, while the surrounding cells continue pro-
liferating normally. Rushton (3) suggest that the cause
of this anomaly was embryological, due to the stimula-
tion and subsequent proliferation and growth of enamel
organ cells into the papilla during tooth development.
Atkinson (4) suggested a mechanical cause, due to ex-
ternal forces that have an effect on the tooth germ during
development. These forces could came from adjacent
tooth germs, for example central incisors or canines,
which develop is at least 6 months before lateral inci-
sors and could press the lateral incisor germ (5). Other
factors such as trauma (6) and infection have also been
proposed as causes of this anomaly (7).

Dens invaginatus can occur in both dentitions, with a
prevalence ranging from 0.25% to 7.7% (8), although
it is more common in permanent dentition. There have
been described cases of maxillary central and lateral
incisors, canines and premolars, as well as mandibular
incisors and premolars (9), being the maxillary lateral
incisors the most frequently involved, sometimes bila-
terally, and the occurrence of dens invaginatus in super-
numerary teeth is also frequent (10). Also, dens invagi-
natus has been found in several members of the same
family (11), showing a genetic component.

Depending on the location and how was the tooth affec-
ted, two types of invaginations are distinguished: coro-
nal and radicular invaginations. The classification pro-
posed by Oehlers in 1957 (12) allows us to highlight
three types of invaginations, according to their radiogra-
phic extension from crown to root:

* Type I: is a minimal invagination, enamel-lined and
confined within the crown of the tooth. It is the most
common lesion, with a frequency of 79%.

* Type II: the invagination extends apically to the ame-
locemental line. It forms a blind dead-end that may or
not communicate with the pulp but remains within the
root canal without communication with periodontal li-
gament.

* Type III: the invagination extends through the root.
Normally there is no pulp communication, which is
compressed within the root. Two sub-types can be sta-
blished: type Illa, when communicates laterally with
periodontal space through a pseudo-foramen, and type
I11b, when the invagination extends through the root and
communicates with the periodontal ligament in the api-
cal foramen.
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On the other hand, Cone Beam Computed Tomogra-
phy (CBCT) is a radiographic method that provides a
three-dimensional image of the entire canal system,
overcoming some of limitations of conventional peria-
pical radiography, such as distortion or overlapping of
structures (13). Different studies have shown that CBCT
reveals more endodontic radiographic findings than con-
ventional imaging methods (14,15). However, its use in
endodontics is not routinely indicated, and it should be
used only when the examination demonstrate that bene-
fits to the patient exceed outweigh potential risks. The
ALARA principle (“as low as reasonably achievable”)
had to be considered in all cases (16).

According to the European Society of Endodontology
(ESE) and the American Association of Endodontists
(AAE), CBCT application in endodontics is recommen-
ded in situations as diagnosis, surgical and non-surgical
endodontic retreatment, resorptions and dentoalveolar
traumatology (16).

The aim of this study was to conduct a systematic review
and meta-analysis of the prevalence of dens invaginatus
in adults using CBCT.

Material and Methods

This study did not required ethical approval, since used
data was freely available in the public domain.
-Research question

The review question was formulated following the Co-
CoPop mnemonic (17), as follows: What is the preva-
lence of dens invaginatus in adult population assessed
by CBCT?

-Inclusion and exclusion criteria

Inclusion criteria were as follows: studies in adults whe-
re diagnosis of dens invaginatus was carried out using
CBCT. In addition, exclusion criteria were: studies with
diagnosis of dens invaginatus using conventional radio-
graphy, studies that do not determine prevalence of dens
invaginatus and case reports.

-Literature search strategy

This study was conducted following the PRISMA state-
ments (18). Searching process was carried out by two re-
viewers (J.J. S-E and S.G-M), with a search for articles
in PubMed and SCOPUS electronic databases until 21
October 2021, with no restrictions or limits on language
or year.

The following combination of Medical Subject Heading
(MeSH) terms and keywords were used: (dens invagina-
tus OR dens in dente) AND (prevalence or frequency)
AND (cone OR CBCT OR tomography).

-Data extraction

Two examiners (J.J.S-E and S.G-M) compiled the data
of included studies. The following data were extracted:
author and year of publication, type of study, CBCT ma-
chine and acquisition parameters, number of men and
women included, number of evaluated teeth, prevalence
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of dens invaginatus, distribution according sex, type of
tooth, type of dens invaginatus (according to Ochler’s
classification), unilateral or bilateral presence, and main
results.

Meta-analysis: outcome variables and statistical analysis
The outcome variable was the prevalence of dens inva-
ginatus, calculated with a 95% confidence interval (CI).
Meta-analysis on the included studies was carried out
using OpenMeta Analyst software. To estimate varian-
ce and heterogeneity of the studies, Tau2 and Higgins
12 tests were used, considering a low heterogeneity if it
was less than 25%, slight between 25 and 50%, mode-
rate between 50 and 75% and high if was greater than
75% (19). A statistical significance was considered when
p-value was < 0.05.

-Quality assessment and risk of bias

To establish the level of evidence for each included stu-
die, the Oxford scale of evidence has been used (20).
In addition, to assess the risk of bias the Risk of Bias
Tool for prevalence studies developed by Hoy et al. (21)
was used. This tool comprises 10 items plus a summary
assessment. [tems 1 to 4 assess the external validity of
the study (domains are selection and nonresponse bias),
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and items 5 to 10 assess the internal validity (items 5 to
9 assess the domain of measurement bias, and item 10
assesses bias related to the analysis).

Results

-Searching strategy

The searching strategy flowchart is shown in Fig. 1. Se-
ven articles were identified after searching the PubMed
database. In the screening, there were no duplicate pa-
pers. After reviewing the full-text papers, four papers
met the inclusion criteria, as three were excluded for
the following reasons: one did not use CBCT diagnosis,
another didn’t assess prevalence of dens invaginatus,
and another assesses internal anatomy of maxillary in-
cisors by CBCT according to Vertucci’s classification.
Included studies and their essential characteristics
Finally, four studies were included for the systematic re-
view and meta-analysis: (22-25), which characteristics
are shown in Table 1.

Three of the included studies are limited to analyze
dens invaginatus prevalence by CBCT imaging, without
comparison with other radiographic diagnosis methods.
However, the article by Capar et al. (25) is a comparati-
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. 1: PRISMA flowchart for systematic literature review and article inclusion.
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Table 1: Main characteristics and evidence level of the studies included in the systematic review.

Author and Type of study Sample size Diagnostic Main results Evidence
year method level (20)
Mabrouk et Retrospective | 200 (98 men, 102 | CBCT (no voxel size No statistically significant 3b
al. (2021) women) or slice thickness gender differences (p=0.24)
(22) 4945 teeth specified) Maxillary lateral incisor is the

most affected teeth (»p<0.001)
Alkadi et al. Retrospective | 505 (218 men, 287 CBCT Presence of dens invaginatus 3b
(2021) women) Voxel size: 0.2 mm was significantly associated
(23) 2790 maxillary 90 kV, 11 mA, 15s. | with tooth type (p<0.0001) but

anterior teeth not with sex (p=0.48)
Chen et al. Retrospective 1004 CBCT Dens invaginatus was more 3b
(2021) (493 men, 511 Voxel size: 0,10 mm | prevalent in men than women
24) women) Slice thickness: 1 (p=0.011)
Entire dentition mm
Capar et al. Retrospective 300 CBCT (151 CBCT Presence of dens invaginatus 3b
(2015) men, 149 women) | Voxel size: 0,15 mm | was lower in panoramic imag-
25 300 panoramic Slice thickness: 1 es compared to CBCT images
images mm (p<0.001)
No association with gender or
age were detected (p>0.05)

ve study of CBCT versus rendered panoramic images in
determining the prevalence of this dental anomaly.
Studies by Alkadi et al. (23), Chen et al. (24), and Ma-
brouk et al. (22) conclude that CBCT provides an accu-
rate representation of both external and internal dental
anatomy, helping in the diagnosis of dens invaginatus.
Furthermore, they refer the study by Capar et al. (25),
which shows that detection of dens invaginatus was
lower in panoramic images (3%) compared to CBCT
images (10.7%).

-Meta-analysis

Data from selected articles were analysed and summari-
sed in Table 2. To carry out the meta-analysis, the results
of three of the included studies (22-24) were incorpo-
rated in full because these studies used only CBCT to
diagnose dens invaginatus. On the contrary, from the
study of Capar ef al. (25), only data regarding the use
of CBCT were employed. In total, the results of the four
included studies compiled 2009 CBCT images.

The estimated variance between all results was examined
by Tau2 test, resulting not significant (Tau2 = 0.00; df =
5.332; p = 0.149). In this case, the value of Tau2 being
0 indicates that there are no additional values affecting
weighting of studies. The heterogeneity test value (12 =
43.73%) gave a result that represents slight heterogenei-
ty. Furthermore, it should be noted that the weights of
studies were calculated using the random effects model
considering that there was variation between included
studies and allowing the results to vary in a normal dis-
tribution. The overall proportion or prevalence of dens
invaginatus was 0.090 (95% CI = 0.072 — 0.108; p <
0.001), indicating a significant influence of CBCT diag-

nosis in determining the prevalence of dens invaginatus.
Prevalence of dens invaginatus from each of included
studies and the pooled prevalence calculated from the
meta-analysis were shown in a forest plot (Fig. 2).
-Interpretation and assessment of each of the included
studies

The four studies included in the meta-analysis were re-
trospective, and data obtained from studies were com-
piled: 179 dens invaginatus diagnosed in 2009 CBCT
images.

The overall result of meta-analysis indicates a preva-
lence of dens invaginatus of 0.090 (95% CI = 0.072 —
0.108; p < 0.001), indicating a significant influence of
CBCT diagnosis in determining the prevalence of dens
invaginatus. It is a significantly higher result compared
to the previously known prevalence of dens invaginatus
using conventional radiography as a diagnostic method.
Study by Chen et al. (24) uses CBCT images of 1004
patients (493 men and 511 women) from 17 to 73 years
in a Chinese population. Dens invaginatus was observed
in 85 of 1004 patients (prevalence 8.47%), being more
prevalence in males than females (6.68% females and
10.75% males).

Study by Alkadi et al. (23) uses CBCT images of 505 pa-
tients (218 men and 287 women), from 8 to 70 years in
a Saudi population. To assess the prevalence of dens in-
vaginatus, 2790 maxillary anterior teeth were evaluated,
detecting dens invaginatus in 37 of 505 patients (pre-
valence 7.3%). No significant differences were found
regarding to gender.

Study by Mabrouk ef al. (22) uses CBCT images of 200
patients (98 men and 102 women) from 16 to 89 years
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Table 2: Extracted and compiled data: affected teeth, bilateral involvement, type of dens invaginatus, prevalence of dens invaginatus and de-

scriptive statistics.

Author and Voxel size and Affected teeth Bilateral Type of dens Prevalence of
publication year slice thickness involvement invaginatus dens invaginatus
Mabrouk et al. No voxel size Maxillary lateral incisor 60% Type I: 31.0% 12.5% of patients
(2021) and slice thick- (9.9%) Type 11: 47.6% | and 0.9% of teeth
(22) ness specified Maxillary central incisor Type 111I: 21.4%
(1.0%)
Alkadi et al. Voxel size: 0.2 Maxillary lateral incisor 24.3% Type I: 80.0% 7.3% of patients
(2021) mm (76.1%) Type I1: 17.8% | and 1.6% of teeth
(23) Does not Mesiodens (19.6%) Type I11: 2.2%
specify slice Maxillary central incisor

thickness (4.3%)

Chen et al. (2021) | Voxel size: 0.10 Maxillary lateral incisor 63.5% Type I: 85.9% 8.4% of patients
24) mm (98.6%) Type II: 7.1% and 0.5% of teeth
Slice thickness: Maxillary central incisor Type I1I: 1.2%

I mm (0.7%) Coexistence type
Mandibular premolar (0.7%) Iand II: 5.9%
Capar et al. (2015) | Voxel size: 0,15 Maxillary lateral incisor 31.3% Type I: 65.9% 10.7% of patients
(25 mm (75%) Type II: 29.5%
Slice thickness: Maxillary central incisor Type I1I: 4.6%
I mm (6.8%)
Mandibular premolar (4.6%)
Mesiodens (9.0%)
Maxillary canine (2.3%)
Mandibular canine (2.3%)
Studies Weight Estimate (95% C.I.) Dens invaginatus/CBCT images E
Capar etal. 2015 185%  0.107 (0.072, 0.142) 32/300 ]
Mabrouk etal. 2021  12.4%  0.125 (0.079, 0.171) 25/200 =
Alkadi et al. 2021 30.6% 0.073 (0.051, 0.096) 37/505 1 :
Chen etal. 2021 385%  0.085 (0.067, 0.102) 85/1004 ——
Overall (12=43.73 %, P=0.149) 0.090 (0.072, 0.108) 179/2009 _—
0.:)6 0.:)8 OTI 0,‘12 0.’14 0.“6
Proportion

Fig. 2: Forest plot of systematic review and meta-analysis results.

in a Tunisian population, evaluated 4945 maxillary and
mandibular anterior teeth to study the prevalence, cha-
racteristics and type of dens invaginatus. Results showed
that 25 of 200 patients (prevalence 12.5%) had dens in-
vaginatus. Men showed more prevalence,but with no
statistically significant differences.

Finally, Study by Capar ef al. (25) uses CBCT images
of 300 patients (151 men and 149 women) from 8 to 71
years in a Turkish population, to determine the presence,
characteristics and classification of the type of dens in-
vaginatus. In addition, 300 panoramic images were used
to compare the results. Based on CBCT images, dens
invaginatus was observed in 32 of 300 patients (preva-
lence 10.7%), with no significant gender differences. On
the other hand, based on panoramic images, dens invagi-
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natus was observed in 9 of 300 patients (prevalence 3%).
All studies found this anomaly with more frequency in
the upper lateral incisor, followed by the upper central
incisor, and Type I according to Oehler’s classification
is the most frequent form of presentation.

Quality assessment and risk of bias

The score obtained to establish the level of evidence for
each included studies, according to the Oxford evidence
scale (20), was moderate (Table 1), with all studies sco-
ring 3b as they were retrospective studies.

On the other hand, the methodological quality and risk
of bias was assessed using the Risk of Bias Tool for Pre-
valence Studies, developed by Ho ef al. (21). The total
percentage of reported parameters was 80%, indicating
a low overall risk of bias (Fig. 3).
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Risk of Bias Item Answer:

External Validity

1. Was the study target population a close [Yes
representation of the general population in
relation to relevant variables?

Yes Yes Yes Low Risk (100%)

2. Was the sampling frame a true or close [No
representation of the
target population?

INo Yes No High Risk (75%)

3. Was some form of random selection Yes
used to select the
sample, OR was a census undertaken?

Yes Yes Yes Low Risk (100%)

4. Was the likelihood of non-participation |Yes
bias minimal?

Yes Yes Yes Low Risk (100%)

Internal Validity

5. Were data collected directly from the [Yes
subjects?

Yes Yes Yes Low Risk (100%)

6. Were acceptable case definition of dens [No
invaginatus used?

INo INo INo High Risk (100%)

7. Was a reliable and accepted diagnosis [Yes
method dens invaginatus utilized?

Yes Yes Yes Low Risk (100%)

8. Was the same mode of data collection [Yes
used for all subjects?

Yes Yes Yes Low Risk (100%)

9. Was the length of the shortest Yes
prevalence period for the
parameter of interest appropriate?

Yes Yes Yes Low Risk (100%)

10. Were the numerator(s) and Yes
denominator(s) for the
calculation of the prevalence
of dens invaginatus
appropriate?

Yes Yes Yes Low Risk (100%)

Summary item on the overall risk of

Low Risk (80%)

study bias

Fig. 3: Quality assessment and risk of bias, assessed
ies (21).

Discussion

In this systematic review and meta-analysis, the pre-
valence of dens invaginatus has been analyzed using
CBCT as a diagnostic method. Results show that pre-
valence of dens invaginatus obtained using CBCT as a
diagnostic method is significantly higher (9%) than data
obtained by using two-dimensional imaging (0.25% to
7.7%) (8). Therefore, CBCT is an effective and essential
tool for accurately diagnose and treatment of this dental
anomaly. These results are in accordance with those of
Capar et al. (25), where was highlighted the difference
in prevalence using CBCT (10.7%) compared to con-
ventional radiography (3%).

To our knowledge, this is the first systematic review
analyzing the prevalence of dens invaginatus using
CBCT for diagnosis, a topic that has not been investiga-
ted so far in meta-analyses. Thus, results of the present
study should be considered to reaffirm that CBCT does
indeed help to fulfil the diagnosis of dens invaginatus,
providing an accurate representation of the dental ana-
tomy.

using the Risk of Bias Tool for Prevalence Stud-

Conventional radiographic techniques have numerous
limitations, including anatomical noise, various degrees
of geometric distortion as well as the two-dimensional
nature of the images obtained. In addition, interpretation
of these images may also be incorrect due to the anato-
mical characteristics of each region and the overlapping
of other adjacent teeth and dentoalveolar structures (13).
In contrast, CBCT largely overcomes these limitations,
and provides a lower spatial resolution than periapical
radiographs, showing structures in all three dimensions
of space (206), althought it also showed disadvantages as
a decrease in image quality (27) particularly in presence
of highly radiopaque objects, such as metal restorations,
posts and guttapercha. This has led to an increasing use
of CBCT in endodontics (28), and many professional
organizations recommend it (16). Nevertheless, benefits
must outweigh the higher levels of radiation exposure
compared to conventional imaging (29).

As can be seen, CBCT is not a perfect radiographic diag-
nostic method, which would also be utopian, but despite
its limitations, it far surpasses the two-dimensional ra-
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diography used until the advent of CBCT as the only
radiographic method. In addition, its numerous indi-
cations include the precise and accurate assessment of
anatomically complex root canal systems for endodontic
treatment, such as dens invaginatus (26).

It is noteworthy that three of the four included studies
specify the voxel size used in the CBCT, which allows
for a homogeneous comparison of the results. Voxel is
the smallest 3D element of an acquired volume and is
usually represented as a cube or box with a given height,
width, and depth. Just as a 2D image consists of seve-
ral pixels, and the smaller the pixels are, the higher the
image quality is, the same concept applies to the volume
of data acquired by CBCT. Small voxel sizes (Table 2)
have been found, indicating higher image resolution and
greater ability to differentiate small structures.

With regard to the limitations of the present review, only
four studies were found to met the inclusion criteria,
which is a rather low number, although the quality of all
of them is acceptable with a low to moderate risk of bias.
The study by Chen et al. (24) studied and reported re-
sults from a sample of the Beijing population and study
by Alkadi et al. (23), which is based on a convenience
sample that may not be representative of the population.
In addition, large-scale multi-centre studies are needed.

Conclusions

The prevalence of dens invaginatus assessed using
CBCT is significantly higher than data obtained by using
two-dimensional imaging. CBCT is a key diagnostic
method for identification of dens invaginatus, as well as
for determining its prevalence. Therefore, considering
that early identification and management of dens invagi-
natus is critical to improve the affected teeth prognosis,
this anomaly, or any suspicion of it, should always be
investigated by CBCT, as it provides a better definition
and accuracy.
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