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Abstract: Background: In the literature, there are few studies on included mandibular canines and
possible therapeutic solutions for arch restoration. The aim of this review was to evaluate how
the recovery of included mandibular canines is performed in adolescent patients with mixed or
permanent dentition. The clinical case reported is that of successful orthodontic surgical treatment
in an 11-year-old mixed-dentition patient with an included mandibular right canine. Methods: A
literature search was performed using the PubMed /Medline, Scopus, Web of Science, and Cochrane
Library databases with the following Boolean indicators: canine, mandibular, impacted. The inclusion
criteria were year of publication between 2017 and 2022, orthodontic canine surgical approach
included, age between 9 and 18 years, free full text, and English language. Results: A total of
536 articles was identified through the electronic search, and 11 articles published between 2017
and 2022 were ultimately included in the qualitative analysis. Conclusions: In the majority of cases,
combined surgical-orthodontic therapy, as reported in the studies that we reviewed, is successful in
correcting the eruption defect, restoring the canine to occlusion and the physiological arch perimeter,
and maintaining the health of the periodontal supporting tissues.

Keywords: included mandibular canines; transmigrated mandibular canines; orthodontic
extrusion; malocclusion

1. Introduction

Altered tooth eruption indicates a tooth that fails to achieve the correct position in
the arch, and can result in two clinical conditions that can be combined: inclusion, and
transmigration. The incidence of included mandibular canines (IMCs) and transmigrated
mandibular canines (TMCs) is rare, and is less frequent than that of impacted maxillary
canines (IMXCs) [1]. IMCs have a prevalence of 0.05% to 0.4%, while IMXCs have a
frequency of inclusion ranging from 1 to 3% [2].

The included tooth may occasionally remain in the same hemiarch or migrate laterally
via a phenomenon called transmigration [3]. The mandibular and maxillary canines play a
fundamental role in maintaining the arch form and function. Failure of included canines to
recover may result in resorption or migration of near roots, loss of natural arch form, or the
formation of dentigerous cysts [4].
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According to Mupparapu’s classification (Figure 1), TMCs are classified into five
types [5]; type 1 is the most frequent. Early diagnosis makes it possible to assess the extent
of canine transmigration and reduce aesthetic and functional complications [6-10].
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Figure 1. Mupparapu classification.

There are some hypotheses as to the causes of included mandibular canines, and these
include premature loss of deciduous teeth, retention of the deciduous canine, odontomas,
crowding, and supernumerary teeth [11,12]. However, the etiology and exact mechanism
are still unclear [12]. Consequently, it is difficult to find clinical guidelines derived from
valid studies based on large patient samples. The current state of the art provides for various
approaches to the problem of included canines. Depending on the age of the patient and
the severity of the inclusion, interceptive therapy is provided where possible; guided
forced eruption with repositioning in the arch is implemented in cases of medium severity;
and in severe cases that cannot be recuperated, avulsion of the element is performed [13].
Early diagnosis and clinical and radiological evaluation can help the dentist to plan the
surgical technique and avoid possible complications [14]. Surgical techniques provide for
guided eruption with a closed or open technique in the case of buccal positioning of the
included tooth [15,16]. Few systematic reviews on this subject can be found in the literature;
therefore, it is difficult for clinicians to identify clear guidelines on the topic [17]. The
aim of this article is to describe the buccal surgical approach used to engage and return
the mandibular canine to the arch, and to review the scientific literature regarding the
recurrence of IMCs, the successes described, the periodontal health of the treated tooth,
and the techniques adopted.



Appl. Sci. 2022, 12, 8008

30f16

2. Materials and Methods
2.1. Systematic Literature Review Methodology
2.1.1. Search Strategies

Article screening was performed in accordance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines [18]. The review protocol
was registered with PROSPERO under the unique number CRD42022342607. Details of the
protocol can be found at https://www.crd.york.ac.uk/prospero (accessed on 8 July 2022).

The search strategy was conducted with the keywords ((canine) AND (mandibular))
AND (impacted) as illustrated in Table 1.

Table 1. Search strategies and keywords.

Search Strategies

Advanced keyword search
((canine) AND (mandibular)) AND (impacted)

Databases PubMed, Cochrane, Scopus, Web of Science

keywords

Initial screening was performed using the electronic databases PubMed, Scopus, Web
of Science, and Cochrane (June 2022), with the Boolean indicators canine AND mandibular
AND impacted. The titles and abstracts of scientific studies were assessed, and an initial
screening was performed. Articles were restricted to randomized and non-randomized
human clinical trials, prospective and retrospective studies, clinical case reports, and case
series, and the full text was assessed for suitability for descriptive analysis.

2.1.2. Inclusion and Exclusion Criteria

The criteria required for inclusion (Table 2) in the qualitative synthesis were limited to
studies including patients aged between 9 and 18 years with inclusion and/or transmigra-
tion of the mandibular canine, original prospective and retrospective studies on human
subjects, studies including a clear description of the materials and techniques applied, and
studies with surgical and orthodontic techniques.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

English language Non-English-language articles
Full text Reviews
Human

Research from 2017 to 2022

Letters to the editor

Studies of patients aged 9-18 years with inclusion and/or
transmigration of the mandibular canine

Studies on patients with genetic syndromes

Original prospective and retrospective studies on human

subjects

Studies on patients with severe facial malformations

Studies including a clear description of the materials and

techniques applied

Studies with surgical and orthodontic techniques

The exclusion criteria (Table 2) were studies on patients with genetic syndromes
and severe facial malformations, systematic literature reviews and letters to editors, and
non-English-language articles.
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2.1.3. Article Identification Procedure

The suitability assessment was conducted independently by three reviewers (C.V., G.L.
and C.M.). In addition, a manual search was conducted to increase the pool of articles for
full-text evaluation. Articles written in English that met the inclusion criteria were taken
into account, while duplicates and excluded articles were categorized by stating the reasons
for exclusion.

2.1.4. Study Evaluation

The article data were independently evaluated by the reviewers using a special elec-
tronic form designed according to the following categories: study model design, patient
age, major symptoms, associated neoplasms or neoformations, treatment protocol, surgi-
cal technique, postoperative sequelae, tooth position, periodontal evaluation of included
canines, number of subjects, and study results.

2.1.5. Risk-of-Bias Evaluation

The risk of bias was evaluated in accordance with the OHAT risk-of-bias tool for
human and animals studies. The evaluation considered the following criteria: confounding
bias, detection bias, confidence in the outcome, reporting bias, and other biases. The risk-of-
bias findings were classified as adequate, unclear, or inadequate. The selected studies were
categorized as having a low risk of bias with a minimum ratio of 4/5 positive parameters.
Otherwise, the studies were classified as high-risk-of-bias articles.

3. Results
3.1. Study Selection and Characteristics

The electronic database and manual search output retrieved a total of 536 manuscripts
(Scopus n = 292, PubMed n = 121, Web of Science n = 109, Cochrane n = 14); a total of
240 duplicates was removed. After initial screening, a total of 296 manuscripts was considered.
Eligibility assessment was conducted on 46 articles, because 238 articles were off-topic, and
the full text of 12 was not available. After reading the full texts, 11 articles were selected for
qualitative synthesis. The PRISMA flowchart diagram is illustrated in Figure 2.

The review selection included a total of 19 cases of IMC. Seven articles described unilateral
cases (TMC or IMC) [17-23] and four described bilateral cases (TMC and IMC) [24-27].
The mean age of the patients ranged from 11 to 18 years. The cases reported in the 11
articles concerned asymptomatic patients without dentigerous cysts. An orthodontic surgical
approach was performed in all cases. Postoperative sequelae were often associated with mild
healing symptoms. Gingival recession caused by bracket malposition on 4.3 was described in
only one case [23]. Table 3 describes the studies’ characteristics.

Table 3. Descriptive summary of item selection.

Authors

Journal

Study

Design

Final Periodontal

Age Symptoms Treatment Technique Position Considerations

Kilig
etal.
[19]

Case Reports
in Dentistry

Case report 139  Asymptomatic

The mandibular
canines were brought
to their own spaces,
without any
discomfort or side
effects such as root
Orthpdontic Guided Transposed resorpti(?n, alveolar
surgical destruction, or

exposure, eruption in. 4'3; gingival recession,

elastic traction P! technique  impacted 3.3 and they were
properly positioned
in the dental arch.
Periodontal tissues
were healthy during
the treatment and
retention periods.
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Table 3. Cont.

Study

Final Periodontal

Authors  Journal Design Age  Symptoms Treatment Technique Position Considerations
At the final records
appointment, the
gingival height at the
Northwa Orthodontic Guided if]);vsear];‘éi};tsc;r;ne
Y The Angle . surgical eruption in Transmigrated
etal 8 case report 11.7  Asymptomatic & P & lower than that on
’ Orthodontist ' exposure, closed 43 .
[20] . . . the left side.
elastic traction ~ technique
However, there was a
conspicuous
improvement over
the ensuing 7 years.
Both canines were
Guerra Case Reports . surgical eruption in A - o
. : Case report 14 Asymptomatic transmi- position within the
etal. in Dentistry exposure, closed -
. . . grated 3.3 dental arch and with
[21] elastic traction ~ technique
a healthy
periodontium.
The aspect of the
gingiva in the
anterior region was
' Romanian Orthodontic . good, meaning that
Farcasiu  Journal of sursical Guided Transmierated there was a good
etal. Morphology Case report 10 Asymptomatic & eruption in & level of supporting
exposure, R 3.3
[22] and . . open technique bone, and that the
elastic traction ;
Embryology surgical sutures were
not tensed, allowing
a normal
healing rate.
Vergara-  International Orthodontic Guided
\e/tllaljlreal ]OOZZ::ZO%Z.C Case report 11 Asymptomatic Zl;;%lsjie eruption in Included 4.3  Not reported.
[23] Rehabilitation elastic traction P technique
No adverse effects of
orthodontic
Guided extrusions—such as
. eruption in severe ?OOt .
The Journal of Orthodontic Included and  resorption of adjacent
Stabryta the American ~ Retrospective surgical closed transmi- teeth, enamel
etal. P 15 Asymptomatic & technique; i o
) Dental study exposure, . grated 3.3 demineralization,
[24] . . . avulsion of e
Association elastic traction transmigrated and 4.3 loss of pulpal vitality,
canines or gingival
recession—were
observed in
this sample.
The post-treatment
CBCT scan showed
that there was no
buccal alveolar bone
resorption around
A lasi Orthodontic ided the mandibular
Han et al ustraasian surgical Guide Included 3.3  canines after arch
" Orthodontic Case report 12 Asymptomatic eruption in ’ .
[14] Journal exposure, open technique and 4.3 expansion, and that

elastic traction

the canine roots were
well aligned in the
middle of the
alveolar bone; good
periodontal health
around 4.3 and 3.3.




Appl. Sci. 2022, 12, 8008

6 of 16

Table 3. Cont.

Study

Authors  Journal Design

Age

Symptoms

Treatment

Technique

Position

Final Periodontal
Considerations

Nowzari
etal. JERD Pilot study
[25]

15

Asymptomatic

Orthodontic
surgical
exposure,
elastic traction

Guided
eruption in
closed
technique

Maxillary
canines
included;
two
mandibular
canines
included

Post-orthodontic
treatment, the
periodontal probing
depth averaged

2.2 mm, and the zone
of keratinized
gingiva averaged
3.6 mm. No
discernible
radiographic bone
loss or root
resorption was
noticed. Overall,
gingival margins
provided an esthetic
appearance in

all cases.

Topka
etal.
[26]

Journal of

Stomatology Case report

11.1

Asymptomatic

Orthodontic
surgical
exposure,
metallic
traction

Guided
eruption in
closed
technique

Included 4.3

Case 1: The second
complication—
namely, root
resorption—was
evidenced in Case 2
where, due to the
presence of gingival
recession of tooth 4.3,
the patient was
monitored by a
periodontologist,
who proposed
coverage of the
recession with an
autogenic transplant
at the right age for
the patient.

Journal of

Taffarel Clinical and
etal. Dinenostic Case report
[27] :

Research

Asymptomatic

Orthodontic
surgical
exposure,
elastic and
metallic
traction

Guided
eruption in
closed
technique

Transmigrated
43

Strong appearance of
the ridges and
trabecular bone; no
negative effects (such
as root resorption or
periodontal
problems).

Jaisinghani Orthodontic

etal. Case report
28] Waves

Asymptomatic

Orthodontic
surgical
exposure,
elastic and
metallic
traction, and
TADS

Guided
eruption in
closed
technique

Transmigrated
4.3

Gingival recession on
4.3;

not treated by the
author as it was
cosmetically
negligible

3.2. Risk-of-Bias Assessment Findings

The analysis is presented in Figure 3 for a total of 11 included articles. A total of three

articles showed a low risk of bias considering the heterogeneity of the model designs and
methodologies. No randomized /blinded clinical trials were detected for further qualitative
assessment and meta-analysis statistical evaluation.
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Identification

[

Screening

((ituted

[ Identification of studies using databases and registers

Records identified by searching the
database (n=536)

Scopus (n = 292)
Pubmed (n =121)

Web of Science (n = 109)
Cochrane (n = 14)

}

Screen recording

(n=296)

Relationships required for retrieval

Registration removed before

———»| screening:
Duplicate records removed (n = 240)

Registration excluded:
Off topic (n = 238)

(n=58)

Reports assessed for eligibility

(n=46)

Studies included in the review
(n=11)

»| Unrecovered reports (n = 12)

Report excluded:
Off topic (n = 35)

Figure 2. PRISMA flowchart diagram of the inclusion process.
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- Low risk of hias

D Unclear risk of bias

Bl High risk of bias

Figure 3. Graphs of the risk-of-bias assessment of the included studies.
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4. Case Report

The patient was an 11.5-year-old child undergoing orthodontic treatment. He pre-
sented with mixed dentition, Angle Class I dental relationship of the permanent dentition
with a 1 mm overjet, centered midlines, and slight crowding in both arches. All clinical
documentation—consisting of impressions and study models (Figure 4), Rx OPT (Figure 5),
lateral cranial Rx (Figure 6), and cephalometric analysis (Figure 7, Table 4)—was collected
for case evaluation and subsequent treatment.

Figure 6. Lateral cranial radiograph.
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Figure 7. Cephalometric analysis.

Table 4. Cephalometric analysis results.

Dental Reports

Measure Value Mean Deviation Measurement Analysis
Molar report (A6-B6) —1, N -1.6 —-3+£3 N Class I dental
Overjet (B1-A1 Horz.) 1.8 25+25 N Normal
Overbite (B1-A1 Vert.) 0.2 25+25 N Normal
Inferior incisor extrusion (B1-Occl.) 0.5 1.25+2 N Normal
Angolo Interincisivo (A1-B1 angle) 118.2 132+ 6 -XX

G02—Skeletal Reports

Convexity (A-NPog) 4.8 1£2 X Class II bone
Lower face height (ANS-Xi-Pm) 47.9° 47 +4 N Facial meso
Dentoskeletal Ratios

Upper molar position 12.1 17 £3 -X Class III
Inferior incisor protrusion (B1-APog) 3.7 1+£23 X Protrusion
Superior incisor protrusion (Al-APog) 5.5 35+23 N Normal
Lower incisor inclination 30.5° 22+4 XX

Upper incisor inclination 31.3° 28+4 N Normal
Occlusal plane inclination 19.9° 245+4 -X

Craniofacial Reports

Facial depth (PoOr-NPog) 81.7° 885+3 -XX Facial dolic
Facial axis (BaN-PTGn) 86.5° 90 + 3 -X Facial dolic
With facial icity 68.4° 68 £ 3.5 N Facial meso
Mandibular plane angle (GocMe-P) 29.9° 245+4 X Facial dolic
Jaw depth (PoOr-NA) 86.8° 90 +3 -X Retrognathia

Palatal floor (PoOr-ANSPNS) 0.3° 1+35 N
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After one year of interceptive therapy, a control Rx OPT was performed to assess the
status of the tooth permutation (Figure 8).

*
S0y

Figure 8. Rx OPT with inclusion of element 4.3.

The Rx OPT showed the intraosseous inclusion with mesio angulation of the 4.3 element.

IMC was assessed according to Mupparapu’s classification [5], which describes five
types of transmigrated mandibular canine (Figure 1). The clinical case described in this
article concerns type number 1.

CBCT was performed to assess the position of the IMC in relation to the surrounding
anatomical structures (Figure 9).

(A) CBCT front mink (B) CBCT sagittal view

Figure 9. Cont.
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(C) CBCT overview (D) Coronal mink CBCT

Figure 9. CBCT of the IMC ((A) + (B) + (C) + (D)).

The CBCT showed part of the crown of the IMC (4.3) in contact with the root apices of
the right lower incisors. (4.1 and 4.2).

All of this diagnostic information allowed us to choose between the following treat-
ment options:

- Interceptive treatment, including the extraction of a primary canine or the opening of
an orthodontic space with fixed appliances [29];

- Orthodontic extrusion of 4.3 [26];

- Transalveolar transplantation of 4.3 [30];

- Avulsion of 4.3 [31].

The positional factors that influenced the decision to surgically remove or surgically
expose the IMC were considered. These included the following:

Canine angle to the midline;

Horizontal position of the canine root apex;
Vertical height of the canine crown;

Canine overlap of adjacent tooth;
Buccal-lingual position of the canine.

AR

After explaining the clinical situation and the possible therapeutic solutions to the
parents and the young patient, it was decided, after obtaining the informed consent of the
parents, to recover the included element (4.3) through a combined orthodontic-surgical
approach. The treatment involved three phases, which are described below.

4.1. Phase 1: Initial Orthodontic Treatment

The first phase of the treatment involved orthodontic therapy aimed at preparing the
anchorage teeth by aligning and levelling the arches. Once the maximum thickness of the
wires was reached, the decision was made to surgically anchor the IMC.

4.2. Phase 2: Surgical Technique

After local anesthetic infiltration, an intrasulcular incision was made from 4.3 to 4.1,
and then a vertical release incision (mesial to 4.1) was made to facilitate elevation and
visibility of the flap. A full-thickness flap was elevated. Avulsion of the corresponding
deciduous element was performed. The apical cortex of the alveolus was removed to reach
the crown of the IMC. A bone tunnel was created through which the ligature was passed
so that traction would be directed towards the center of the ridge (tunnel technique) [15].

Using an adhesion technique, an orthodontic bracket was bonded to 4.3 and connected
to a metal ligature. The metal ligature was inserted along the previously created tunnel.
The adhesion was finally tested by applying forced traction (of approximately 150 g). After
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thorough washing of the surgical field, the mucoperiosteal flap was finally repositioned
and sutured.

4.3. Orthodontic Traction

Orthodontic traction was achieved through the use of a metal ligature directly on the
multiple brackets in the presence of a rigid full-thickness steel wire. The traction force was
approximately 50-60 g, with activation of the wire every 15-20 days.

4.4. Phase 3: Final Orthodontic Treatment

After the recovery of the element included in the arch was achieved, orthodontic
therapy continued with the final steps to finalize the case (Figure 10).

Figure 10. Final intraoral photos of the patient: Element 4.3, recovered in the center of the dental
arch, observed from the upper occlusal view (a), right lateral view (b), frontal view (c), left lateral
view (d), and lower occlusal view (e).

5. Discussion

The treatment of IMCs requires a multidisciplinary approach [27]. Just as spontaneous
eruption occurs harmoniously and leads to tooth alignment in the presence of healthy
periodontal tissues, the combined surgical-orthodontic treatment of an included element
should simulate physiological eruption [28]. Therefore, the aim of orthodontic therapy is to
guide the eruption of the tooth towards the center of the ridge, while surgical treatment
should ensure that the dental and periodontal structures are respected to avoid damage at
the end of therapy [19].

Regarding the treatment of IMCs and TMCs, several treatment options can be con-
sidered, including orthodontic traction, self-grafting, and surgical removal of the IMC.
The strategy of surgically removing IMCs is the quickest and easiest. Although more
difficult and complicated, orthodontic traction is the most effective strategy to restore ideal
occlusion. Orthodontic mini-screws can be used as temporary anchorage devices to prevent
the negative effects of anchorage loss [28]. From a therapeutic point of view, radiological
diagnosis in late mixed dentition remains an important tool to detect incidents of mandibu-
lar canine inclusion. The clinical case presentation describes the surgical technique of IMC
exposure and repositioning in the arch using a combined surgical-orthodontic treatment.
Guided eruption techniques have several benefits in dentistry. They can be used for several
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purposes, such as for tissue regeneration in either lingual [32] or conventional mechanics
for impacted teeth [33]. There are two guided eruption techniques towards the center of the
alveolar ridge: closed [34] and open [35,36]. In the first technique, an orthodontic bracket is
attached to the tooth surface after a full-thickness flap is lifted, and the tooth and bracket
are then entirely covered with tissue; meanwhile, the latter (open) method consists of
apical repositioning of the full-thickness flap, leaving the element open [36-38]. The closed
guided eruption technique was adopted in the clinical case described [20]. In the open
guided eruption technique, an operculum is made on the IMC and an orthodontic traction
is placed on it [20]. In both techniques, the principles of conservative surgery, adhesive
technique, and controlled orthodontic traction are applied. In the cases selected in this
review, one case with gingival recession was found [28]. In all cases there was periodontal
success of the treated IMCs [19-27,39].

The reported clinical case was managed using the closed orthodontic eruption tech-
nique [15]. A mucoperiosteal flap was prepared with preservation of the interdental
papillae, elevated to full thickness to allow minimal exposure of the included tooth for
bracket adhesion. The minimal removal of cortical bone and pericoronal tissue, as well
as the application of light forces during traction [40], also seems to explain the favorable
periodontal outcome.

Some authors state that surgical exposure of the enamel-cement line predisposes
patients to a greater risk of gingival recession and bone loss [41]. Finally, repositioning the
flap in its original position maintains the entire portion of keratinized tissue, and reduces
discomfort during healing [42].

Since the element in the bone inclusion was associated with the presence of the
corresponding deciduous element in the arch, the “tunnel” technique was applied, as
originally described by Crescini et al. in 1994 [15].

The extraction of the deciduous element creates a natural bone tunnel, and traction
through this tunnel simulates a physiological eruption. The tooth is orthodontically pulled
towards the center of the ridge, allowing the preservation of keratinized gingival tissue
and subsequent periodontal health [34].

6. Conclusions

Although inclusion and transmigration of mandibular canines is a rare clinical con-
dition, it is necessary to shed light on the most predictable treatment options to enable
clinicians to carry out effective treatment protocols. According to the articles examined
in our review, combined surgical-orthodontic treatment results in clinical success in the
majority of cases, in terms of correcting the eruption defect, bringing the canine back into
occlusion and into the physiological arch perimeter, and the health of the periodontal sup-
porting tissue. To enable arch alignment of the tooth element while preserving periodontal
integrity, the surgical-orthodontic traction must simulate the physiological eruption of the
included tooth. All of the articles reviewed describe successful treatments for arch align-
ment, but periodontal success was not achieved in some of the cases described, due to bone
ridge resorption, gingival recession, or root resorption; these are the main complications of
surgical-orthodontic traction of the included elements, but the small percentage of cases in
which they occurred allows this protocol to be defined as effective and predictable. More
research is needed to understand the treatment outcomes of complex clinical cases, such as
ankylosed elements.
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IMC Included mandibular canine

T™MC Transmigrated mandibular canine

IMXC Included maxillary canine

OPT Orthopantomography

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses
CBCT Cone-beam computed tomography

43 Lower mandibular canine

4.1 Lower-right central incisor

4.2 Lower-right lateral incisor
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