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ABSTRACT

Objective: To describe and assess the available evidence of prediction methods of maxillary canine
impaction (MClI).

Material and methods: A systematic search was conducted through PubMed, Cochrane Library,
Embase, EBSCOhost, Scopus, ScienceDirect, Bireme and Scielo until December 2020. This systematic
review was conducted according to the PRISMA statement. The methodology of the selected studies
was assessed using the Quality Assessment Tool for Diagnostic Accuracy Studies (QUADAS-2).

Results: A total of 2391 articles were identified in the first approach and after a 2-phase selection, 11
studies were included in qualitative analysis. Prediction methods were constructed using equation-
based models, geometric measurements and computational methods from clinical and imaging data
to predict palatal/buccal MCl. The quality of evidence was low to moderate due to the presence of
risk of bias in most of the studies included. Three cohort studies with the best methodological quality
proposed prediction models based on geometric measurements, canine position and facial growth
pattern that would allow predicting MCI from CBCT, lateral and panoramic radiographs.

Conclusions: The evidence is limited and most of the studies present a low methodological quality.
However, it is possible to suggest that some prediction methods based on the position of the canine
and facial growth pattern could predict palatal/buccal MCI in mixed dentition. Cohort studies with bet-
ter methodological quality and long-term follow-up are needed to better validate a prediction model.

ARTICLE HISTORY
Received 7 November 2020
Revised 19 April 2021
Accepted 21 May 2021

KEYWORDS

Maxillary canine impaction;
predictors; systematic
review; early diagnosis

Introduction impaction, as it is more accurate in determining the position
of the impacted canine and assessing the condition of adja-
cent roots [8,12]. However, at an early stage of development,
it would be impossible to establish exactly the buccal-palatal
location of the malpositioned dental germ [13].

The aetiology of MCI is still unclear [10]. It is suggested
that BIC could be associated with the presence of dental

crowding and/or deficiency in maxillary width [9,14]. In con-

The impaction of maxillary permanent canine is a common
problem in orthodontics. The presence of an impacted tooth
is considered when its eruption is obstructed by other teeth,
bone or soft tissue [1]. The prevalence of MCI varies widely,
according to some studies in a range between 1 and 3%
[2-4] and 1.1 and 13% of the population [5], being the
second most frequent type of impaction after the third

molars. A higher prevalence of MCl would be observed in
the female gender [5], in patients with class Il division 2 mal-
occlusion, deep bite, hypodivergent profile [6] and com-
monly more unilateral than bilateral [7,8].

Buccally impacted canines (BIC) could be considered a
form of crowding, where the lack of space in the maxillary
arch would generate their impaction [9,10]. Palatine canine
impaction (PCl) occurs 2 to 3 times more than buccal impac-
tion [2-4] and unlike BIC, it is observed in patients who do
not have crowding or even show an excess of space in the
canine area [2,9-11].

In general, the diagnosis of MCl is based on the analysis
of periapical and/or panoramic radiographs, despite the limi-
tation of representing a three-dimensional object in a two-
dimensional image. Currently, dentists use the Cone-Beam
Computed Tomography (CBCT) to diagnose canine

trast, the causes of PCl are still unknown. Two theories try to
explain it: the guidance theory and the genetic theory. The
guidance theory suggests that the root of the lateral incisor
would be an eruption guide. If the root is abnormal or
absent, the canine will not erupt or be impacted [15,16]. The
genetic theory attributes a hereditary component to PCl. It
would be associated with other dental anomalies such as
agenesis of permanent teeth and anomalies in the shape of
the lateral incisors, enamel hypoplasia, mandibular molar
aplasia [2,17-20].

An early diagnosis of MCl would be important to avoid
adverse consequences in the patient since a late intervention
could generate canine ankylosis, different degrees of resorp-
tion of the adjacent teeth [21,22] and long treatment times
compared to patients without MCI [23]. The current evidence
is not conclusive regarding the indicators of a possible
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canine impaction when the analysis of predictive factors has
been carried out using conventional univariate statistics [6].
The angle formed between the canine axis and the midline
and the overlap with the lateral incisor would be considered
as a good indicator of impaction [24,25] while there is also
evidence that would indicate that linear and angular meas-
urements would not be good indicators to consider the suc-
cess of interceptive orthodontic treatment and its
duration [26,27].

Since there is no consensus regarding a model to predict
MCI, the objective of this systematic review was to answer
the research question according to the PICO (Population,
Intervention, Control groups and Outcome) scheme: ‘What
are the prediction methods (I) to accurately determine maxil-
lary canine impaction (O) in subjects with primary and mixed
dentition (P) compared to those patients with erupted per-
manent canines (C)?'.

Material and methods

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [28]. It was not registered
upfront. An electronic search was conducted until 23
February 2020 and updated on 4 January 2021. The data-
bases used were PubMed, Cochrane Library, Embase, Scopus,
EbscoHost, Science-Direct, Bireme y Scielo.

Study selection

Inclusion criteria for this systematic review are given in the
following sections.

Type of studies
Observational analytical studies (cohort or case-control) with
the aim of designing and/or validating prediction methods
to predict MCI.

Language studies

The search was conducted without the limitation of lan-
guage. Studies included for analysis were in Spanish, English
and Portuguese.

Types of participants

Selected studies included subjects in the primary and mixed
dentition of both genders. The included participants did not
undergo any previous surgical (except for the extraction of
primary canines and other adjacent teeth to promote erup-
tion guidance), orthodontic or orthopaedic procedure.
Furthermore, they did not present any malformation or alter-
ation of craniofacial growth and development.

Intervention types
Non-intervention studies, with the aim of designing and/or
validating predictive models of MCI.

Type of results

Primary outcomes: Analyze studies that design and/or valid-
ate prediction models for MCl. In addition, establish the
methodological quality of these studies to determine the
precision of the prediction model.

Data collection

For maxillary canine impaction

Imaging methods based on CBCT, panoramic radiography or
other radiographic methods by means of observation and/or
cephalometric tracing (we did not establish a minimum fol-
low-up interval to study MCI); Clinical methods: models
obtained from patients or direct clinical observation;
Digitisation of models or photos that allow measurements
and other analyses.

Predictor construction
Multivariate or univariate statistical analysis; computational
methods; mathematical modelling (equations, probabilistic
models), among others.

Search strategy

For the identification and selection of the number of poten-
tially eligible studies for this systematic review, a specific and
individualized search strategy for each database was devel-
oped. A semantic field was determined for the term
‘maxillary canine impaction (MCI)’" and another semantic field
related to the term ‘predictors’ (Table 1).

Study selection

In a first screening, the title and abstract of all potentially eli-
gible articles were listed and evaluated by two researchers
independently (J.A,, C.R). In a second stage, the full text of
articles that potentially met eligibility criteria based on the
first screening was assessed independently by the same two
researchers (J.A., C.R.) according to inclusion criteria (study
design: observational and diagnostic studies; objective: deter-
mine available methods to accurately predict MCl; type of
participants: patients in primary or mixed dentition). When
no agreement was found, the inclusion of the article within
the sample was discussed with a third researcher (P.H) who
acted as an arbiter. Articles that met inclusion criteria were
included in the review for the final analysis. The reasons why
some studies were excluded were recorded in an adjacent
column and presented in the results (Table 2). To determine
the quality and methodological validity regarding the design
of predictors of the selected studies, the QUADAS-2 tool
(Quality assessment of studies of diagnostic accuracy
included in Systematic Reviews) was used (V.S. and T.J.).

Extracting data from studies

The PICO format (Population, Intervention, Control groups
and Outcome) was used to make the tables of the articles
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Table 1. Search strategy and terms used for the search.

Database and limits

Search strategy and terms

PubMed (n = 1039)

Limits:

Publication date: to 2020-12-31
Species: Humans

Cochrane Library (n=280)
Limits:

Database: trials/methods studies
Publication year: until 2020

EBSCOhost (n = 260)
Publication date: until 2020-12-31

Scopus (n=262)

Publication date: until 2020
Document type: article
Embase — Medline (n = 194)
Publication years: 1966-2020

BIREME (n=103)

Limits:

No limits

Scielo (n=90)

Publication date: until 2020

Science Direct (n=163)
Publication date: until 2020
Article type: research articles

predictor [tiab] OR panoramic radiograph predictor OR radiographic predictors [tiab] OR clinical predictors [tiab]
OR imagenologic predictors [tiab] OR CBCT predictors [tiab] OR prediction model [tiab] AND palatally
displaced canine [tiab] OR maxillary canine impaction [tiab] OR buccally impacted canine [tiab] OR palatal
canine impacted [tiab] OR buccal canine impaction [tiab] OR impacted maxillary canine [tiab] OR impacted
canines [tiab] OR canine impaction [tiab] OR displaced permanent canine [tiab] OR displaced canine [tiab] OR
palatal displaced canine [tiab] OR buccally displaced canine [tiab]

(Risk OR determinants OR potencial determinants OR predict OR model prediction OR predictor OR prediction
OR predicting OR clinical predictor OR radiographic predictor OR panoramic radiographic OR predictor CBCT
predictor) AND (displaced canine OR canine impaction OR impacted canines OR maxillary canine impaction
OR impacted maxillary canine OR palatally displaced canine OR PDC OR palatal canine impaction OR palatal
displacement canine OR buccally impacted canine OR buccal canine impaction OR BIC)

predictors OR panoramic radiograph predictor OR prediction OR prediction model OR imagenologic predictor
OR radiographic predictors OR clinical predictors OR indicators OR clinical indicators OR radiographic
indicators OR imagenologic indicators AND palatally displaced canines OR PDC OR maxillary canine impaction
OR palatal impaction OR buccally impacted canines OR palatal canine impaction OR buccal canine impaction
OR impacted maxillary canines OR impacted canines OR canine impaction OR displaced permanent canine
OR displaced canine OR palatal displaced canine OR buccally displaced canines OR impaction of adyacent
canine

predictors OR prediction OR prediction model OR clinical predictors OR imagenologic predictors OR radiographic
predictors OR CBCT predictors AND canine impaction OR impacted canines OR displaced canines OR PDC OR
IMC OR MIC

predictors OR prediction OR prediction model OR indicators OR clinical predictors OR imagenologic predictors
AND palatally displaced canines OR maxillary canine impaction OR palatal displaced canine OR displaced
canine OR canine impaction OR upper canine impaction OR PDC

(tw:(predictor OR prediction OR prediction model OR imagenologic predictor OR radiographic predictor OR
clinical predictor OR CBCT predictor OR clinical indicator OR imagenologic indicator OR radiographic indicator
OR CBCT indicator OR predictores OR indicadores)) AND (tw:(palatally displaced canine OR PDC))

(determinants OR predictor OR indicator OR prediction model OR prediction OR radiographic predictor OR
predictores OR indicadores) AND (PDC OR canine impaction OR displaced canine OR caninos impactados OR
impactacion canina)

potencial determinants OR predictors tiab OR radiographic predictors tiab OR clinical predictors tiab AND
palatally displaced canines OR PDC tiab OR impaction of adyacent canine OR buccally displaced canine OR
maxillary canine impaction

Table 2. Studies retrieved in full text and excluded from the review.

between the two reviewers were resolved by a consensus.

First author and year

Reason for exclusion

When they did not reach a consensus, a third author (A.P.)

Alejos, 2019 [29]
Senisik, 2019 [30]

Compare between different prediction methods.
Compare the reliability of prediction methods used

made the final decision about each question.

for detecting the sagittal location of MCl with

a single orthopantomography.
Relationship between impacted maxillary canines,
early diagnosed by using panoramic

Cacciatore, 2018 [31]

Synthesis of results

The results collected from the included studies were based

radiographs and the morphology of the maxilla.

Upegui, 2009 [32]

Compare between different prediction methods.

on levels of prediction of measurements made on clinical

and radiographic data. The studies were clustered according
to the type of maxillary canine impaction (palatal/buccal)
and the predictor’'s models (equation-based, geometric meas-

analyzed. Population (sample size, distribution by gender,
age range and standard deviation); Intervention (an instru-
ment for measuring, diagnostic protocol and design of pre-
dictor); Comparison criteria or control: (subjects with and
without MCI, erupted permanent canines) and Outcomes
(including the answer to the hypothesis, statistical analysis.
Finding overall).

Quality assessment and grading the body of the
evidence

Two authors independently assessed the quality of the evi-
dence and the strength of the recommendations according
to the risk of bias. The methodological quality of the selected
studies was evaluated with the QUADAS-2 tool [33], used to
assess the accuracy of the model of prediction of the studies
analyzed. Two authors independently rated each item as

1 i ’

yes’, ‘'no’, ‘unclear’, ‘low’ or ‘high’ (V.S., T.).). Disagreements

urements and computational).

A summary of the overall strength of available evidence
was performed using the Quality Assessment Tool for
Diagnostic Accuracy Studies (QUADAS-2).

Studies were considered heterogeneous and quantitative
data were not comparable, so a meta-analysis was not con-
sidered appropriate.

Results

The initial search retrieved 2391 articles from the electronic
databases. The studies were exported to an Excel table, and
from these articles, 326 were eliminated because they were
duplicates. The remaining 2065 studies were evaluated by
the authors in a first screening and 2050 of these were elimi-
nated because they were not relevant for this study. Of the
remaining 15 studies, 4 were eliminated in a second
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Exclusion of duplicate articles

A 4

(n = 326)

Articles excluded based on title and
abstract due to non-relevance
(n=2050)

4 Full-text articles excluded, with
reasons (association studies, comparison
of prediction methods, reliability of
prediction methods)

A 4

. Articles identified through database searching:
PubMed (1039), Cochrane Library (280), Embase-
= Medline (194), EBSCOhost (260), Scopus (262),
.g Scielo (90), Bireme (103), ScienceDirect (163)
<
3]
= Total (n=2391)
N
=
<
=
L]
—
)
v
o0
R=
§ 2065 articles after duplicates
= removed
]
wn
—
)
z v
-3' Full-text articles assessed for
) eligibility
=2 (n=15)
——
)
A4
51 Studies included in
'g Systematic Review
> (n=11)
=
L]

Figure 1. Search method, identification, selection and inclusion of articles. PRISMA flow chart.

screening when the full text of the articles was analyzed, and
the reasons for exclusion are shown in Table 2. Finally, 11
studies were selected for data extraction and qualitative ana-
lysis. The search results are presented in Table 1 and the
flowchart of the literature search is presented in Figure 1.

Study characteristics

Characteristics of participants

Based on the articles analyzed (Tables 3 and 4), 932 subjects
with an age range between 3 and 21 years, of both genders
and who included subjects in primary, mixed and permanent
dentition were investigated. The studies included were pub-
lished between 1992 and 2019. Only three articles did not
detail the distribution of the sample according to gender
[22,39,42]. According to the type of impaction presented, PCl
was observed (n=4), palatal/buccal MCl (n=2) and studies
that did not specify the type of impaction (n=5). Regarding
the presence of impacted canines, four studies included uni-
lateral MCI [34,36,41,42], three unilateral/bilateral MCI [37-39]
and four did not specify it [6,22,35,40] (Table 5).

Characteristics of predictors

The predictors were designed from data obtained from the
analysis of panoramic radiographs [22,34,35,37-39,42], CBCT
[41], frontal radiographs [36], panoramic radiographs in con-
junction with clinical variables [6] and panoramic/lateral
head radiographs [40].

Prediction models were constructed using: mathematical
equations (n=4) [6,29,30,32]; geometric measurements
(using univariate and multivariate statistical analysis) (n=15)
[22,37,39,41,42] and computational methods (machine learn-
ing, random forest, discriminant analysis) (n =2) [36,40]. The
findings are summarised in Table 5.

Models of predictions based on mathematical equations.
In general, these studies used logistic regression models or
multivariate analysis to evaluate the factors that influenced
the MCI and that led to the use of an equation and model
for predicting the probability of canine impaction. Four
articles were analyzed, one of them did not propose any
model, as no correlation was found between the clinical-
radiographic variables with MCI [6]. Most of the studies pro-
posed predictors for PCl based on equations designed
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Table 3. Continued.

Outcome

Comparison

Intervention

Population

Instrument for
diagnosing canine

Statistical analysis or

Study group
(impaction group)

Design and type

Characteristics of

Sample (size,

First author
and year

Findings overall Conclusions
higher the

mathematical model

Control group

participants impaction of predictor

age, gender)

probability of

canine impaction.

Location of the mixed When the canine cusp

Panoramic radiographs Radiographic predictor. 28 patients. 15 girls 28 chronologically and X2 analysis

Unilateral or bilateral

56 patients. 26 girls

Lindauer,

tip overlaid the

dentition canine
cusp tip was
significantly

dentally

and 13 boys

12 years,

and clinical criteria. Unerupted canine

palatally impacted

canines.

and 30 boys.

1992 [37]

distal half of the

age-matched. 11

cusp tip relative to
the lateral incisor

lateral incisor root,
a canine palatal
impaction was

girls and 17 boys

whose

1month +
11 months.

Late mixed
dentition.

different for the

root in one of four

sectors using a

impaction group

56 canines had

usually present.

compared with the
non-impaction
control group

(p < .001).

erupted normally.

modified method of
Ericson and Kurol's

(sector I, II, Il

and V).

years, 8 months +

19 months.

Significant

difference between
the impacted and

non-impacted

sides (p <.005).

Cl: canine impaction; ML: maxillary dental midline; MOP: maxillary occlusal plane; PCl: palatal canine impaction.

considering the position of the canine, linear and angular
measurements plotted on panoramic radiographs. Malik et
al. developed a prediction model based on an equation for
unilateral PCl considering the increase in angles B (angle
between the long axis of canine adjacent lateral incisor) and
C (angle between the long axis of canine maxillary occlusal
plane) [34], in addition to other radiographic variables (per-
pendicular distance D). Arnautska et al. proposed an equa-
tion to determine the probability of impaction based on
angles B1 and «1 (angles between the axis of the canine and
the axis of the central and lateral incisor) [35], but without
considering unilateral or bilateral impaction. Margot et al.
[38] proposed a model based on parameters such as canine
to midline angle, canine to first premolar angle, canine cusp
to midline distance, canine cusp to maxillary plane distance
and sector. The model was applied to calculate the probabil-
ity of impaction with the area under the curve of 0.783 (95%
Cl [0.742-0.823]) with a cut-off point set at 0.342 (sensitivity
of 0.800 and specificity of 0.598).

Models of prediction based on geometric measures. The
studies included in the qualitative analysis prediction models
were based on radiographic variables which were subjected
to statistical, regression analysis to estimate the probability of
impaction according to the location of the sector and canine
angulation. Five studies were identified, four designed models
based on the analysis of panoramic radiographs [22,37,39,42]
and one based on CBCT [41]. Three studies predicted PCl, one
palatal/buccal impaction, while another article did not report
the position of the impacted canines. All studies validated
their prediction models based on canine position (based on
linear and angular measurements). The study by Lindauer et
al. proposed their model based only on the location of the
canine in 4 sectors in the analysis of a panoramic radiograph
[37]. The other articles proposed models for use in panoramic
radiographs and CBCT considering the position of the canine
[22,39,41,42], also analyzing the angulation or superposition
of the canine with respect to the lateral incisor [22,39,41] and
determining the angulation of the canine [39,41,42]. Warford
et al. concluded that the best predictor factor would be the
canine location sector [22] where angulation would not pro-
vide a greater predictive value.

Models of prediction based on computational methods.
Two studies constructed their predictors from the analysis of
cephalometric variables from frontal, panoramic and lateral
head radiographs. One determined the prediction of unilat-
eral PCl based on discriminant analysis (DA) with a prediction
model of 95.3% [36]. Another study by Laurenziello et al. [40]
proposed a predictor without specifying its location using
machine learning (random forest method), establishing that
cephalometric data such as SN-GoMe Angle, Distance d,
Angle a« and Interincisal angle could be used as predictive
values for MCl with an accuracy of 88.3%.

Assessment quality of included studies
In general, the studies analyzed were methodologically het-
erogeneous due to the differences in the designs and the
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Figure 2. Criteria met, according to the QUADAS-2 tool.

prediction models. Most were composed of cohort studies
(n=7) and in their minority by case-control studies (n=4).
The methodological quality based on the QUADAS-2 tool
(Table 5, Figure 2) indicates that in general, the studies
would present a risk of bias in the patient selection and ref-
erence standard domains and unclear risk of bias in the
index test domain. The high risk for the patient selection
domain is based on the fact that 4 studies included case-
control designs [6,22,34,37]. Furthermore, in all studies
included, there was no randomization of the sample. The ref-
erence standard domain presented a high and unclear risk of
bias in relation to its interpretation, in addition to the blind-
ing of the researchers, which was not detailed in most of the
studies, as in the index test domain, where it was unclear.

Discussion
Summary of evidence

Applying an MCI prediction model at an early age is of para-
mount importance in the clinical practice of orthodontics,
allowing to prevent adverse consequences such as canine
ankylosis, root resorption of adjacent teeth, ectopic eruption
and avoiding therapeutic management of greater time and
complexity. The objective of this systematic review was to
describe and assess the validity of methods to predict MCI
by analyzing the evidence available until December 2020.

Eleven articles were included according to the selection
criteria. This systematic review showed great variability in the
methods for diagnosing and predicting MCI, as well as for
establishing the location of the canine (palatal, buccal, bilat-
eral or unilateral). Most of the analyzed studies validated the
prediction models in (a) mathematical models based on
equations; (b) geometric measurements (based on statistical
analysis) and (c) computational methods. In general, all mod-
els were built from clinical and imaging data from pano-
ramic, lateral head, frontal and CBCT radiographs, which
would allow an easy replication in clinical practice, comple-
menting the diagnosis and planning of orthodontic
treatment.

1 I
100% 0% 25% 50% 75% 100%

Quality of the evidence

This systematic review is supported by studies with low to
moderate quality based on the analysis of the risk of bias
with the QUADAS-2 tool (Table 6, Figure 2). In general, the
domains that presented a high risk of bias were those
related to patient selection and the reference standard.

When the methodological quality of the studies included
was analyzed, we found some gaps in a few signalling ques-
tions for the QUADAS-2 tool (Table 6). None obtained a con-
secutive sample or randomized when selecting the patients,
which constitutes a weakness in the design of these articles.
On the contrary, the studies based on randomized clinical tri-
als would generally provide stronger evidence than observa-
tional studies [43], which would be an inherent characteristic
of the design of these studies. Another weakness was in the
reference standard domain, where approximately 70% of the
studies had a high or imprecise risk of bias given by the
interpretation of the results of the reference index
[22,34-36,38,40,42]. or by the lack of blinding of the
researchers [6,34-37,40-42]. This limitation could be
explained by the fact that most of the studies carried out
diagnoses for palatal or buccal MCI based on the analysis of
two-dimensional radiographic examinations or with low sen-
sitivity diagnostic methods of MCI.

Three studies presented a lower risk of bias in the index
test, reference standard, and flow and timing domains. All
were cohort studies that proposed prediction models based
on variables obtained from the panoramic, lateral head, and
CBCT radiographs. The studies by Almahdy et al. [39] and
Algerban et al. [41] considered the position of the canine in
their prediction model, as well as the analysis of linear and
angular measurements. Laurenziello et al. proposed a predic-
tion model using machine learning (random forest) where
they determined the growth pattern of the face and the
location of the canine [40].

Potential biases in the review process

For the development of this systematic review, every effort
was made to limit the presence of biases in the article selec-
tion process using the largest number of electronic data-
bases available, carrying out the selection process
independently among researchers. In addition, articles
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62 A. JIMENEZ-SILVA ET AL.

published until December 2020 in English, Spanish and
Portuguese were selected. Most studies had a male and
female population (only three did not report it), which could
limit the general interpretation of the results in the general
population.

Prediction models based on geometric measurements

Of the five studies that established prediction models for
MCI, two carried out by Almahdy et al. and Algerban et al.
presented the lower risk of bias in the index test, reference
standard and flow and timing domains [39,41].

Almahdy et al. [39] proposed a prediction model for uni-
lateral/bilateral MCI based on the position of the canine,
angular and linear measurements of panoramic radiographs
of growing patients between 8 and 14years, evaluated with
a 1-year interval. The proposed prediction model was based
on 4 characteristics: vertical canine crown tip height, degree
of canine overlap on adjacent teeth, the magnitude of
canine midline angle (<54°), and magnitude of canine lateral
incisor angle (<30°). Of these variables, the horizontal over-
lap of the canine over the lateral incisor would be consid-
ered the highest predictor and would be in agreement with
previous studies [22,42]. Although the measurement and
evaluation of panoramic radiographs allow a simple applica-
tion in clinical practice, the use of CBCT is suggested to
establish better precision in the diagnosis, monitoring and
evaluation of possible root resorption of adjacent teeth [44]
and determination in the buccal/palatal position. Despite the
above, there is new evidence that would suggest an
adequate prediction in the buccal-palatal position of
impacted canines, as well as root resorption of the perman-
ent incisors by analyzing the sectors on panoramic radio-
graphs [30,45].

Algerban et al. [41] designed a model based on 1-year fol-
low-ups of patients between 9.6 and 13.8years to predict
unilateral palatal/oral impaction (area under the curve 0.965;
95% Cl: 0.936-0.995) with variables of a CBCT (canine pos-
ition, linear and angular measurements). Using a multivari-
able logistic regression method, the model was designed,
and relevant predictors were established, such as canine
crown position, canine cusp tip to the occlusal plane and
canine angulation to the lateral incisor. Despite the use of
CBCT, the authors suggest external validation, testing the
reliability and reproducibility of the proposed method.

The studies performed by Lindauer et al., Warford et al.
and Sajnani et al. were based on case-control [22,37] and
cohort [42] designs. All presented a high risk of bias in the
domains: patient selection (absence of randomization), index
test (imprecision regarding the blinding of the investigators
or their interpretation) [37], reference standard (for the
imprecision to determine the blinding) [37,42] and the pres-
ence of bias in the interpretation of the diagnostic test for
MCI [22,42] and finally in the flow and timing domain [22]. In
general, all these studies built their models from the analysis
of panoramic radiographs considering variables based on the
position of the canine (location in sectors), angular and linear
measurements. As in the case of previous studies, they

analyzed similar radiographic factors that allow easy replica-
tion and precision, However, the presence of a high risk of
bias constitutes a limitation for these studies.

Predictors built from computational methods

Considering the analysis of predictors based on the use of
computational resources, the proposed models were ana-
lyzed by machine learning and discriminant analysis using
cephalometric variables from panoramic, frontal, and lateral
head radiographs. The study by Laurenziello et al. [40] pre-
sented a low risk of bias in the index test, reference standard
and timing and flow domains and therefore a better meth-
odological quality compared to the study carried out by
Sambataro et al. [36]. The latter study showed a high risk of
bias in the selection of patients and reference standard as it
presents a possible weakness in the classification or diagno-
sis for MCl with the use of frontal radiographs.

Laurenziello et al. established determinants based on the
facial growth pattern and the position of the canine to pre-
dict the eruption in 9 to 10-year-old patients with an accur-
acy of 88.3% using the random forest method [40]. The
determinants SN-GoMe angle, distance d, angle « and inter-
incisal angle would allow measurements on a panoramic and
lateral head radiograph with reliable precision. According to
the authors, the determinant SN-GoMe angle would be the
most important to predict MCI. This could indicate that a
vertical growth pattern could be considered a significant
variable for MCI risk. Regarding the above, the available evi-
dence is not conclusive and in turn contradictory, since it
would indicate that there would be no relationship between
skeletal characteristics and the presence of MCl [46,47]. On
the other hand, a higher prevalence of MCI in hyperdiver-
gent women and hypodivergent men has also been
observed [48].

Predictors based on mathematical models

Predictors based on equations or mathematical models were
built from imaging and clinical data for palatal or palatal/
buccal MCI. In general, the quality of the evidence from the
studies analyzed was low due to the presence of a high risk
of bias in the selection of patients (none presented random-
ization). Two studies presented a case-control design [6,34]
and all presented uncertainties regarding the blinding of the
researchers (index test or reference standard). The presence
of a high risk of bias was observed in the interpretation for
the diagnosis of MCI (reference standard) as well as uncer-
tainties in the flow and timing domain [34,35]. Only one art-
icle studied the correlation of clinical variables and MCI
using multivariate data analysis (MVDA). However, we were
unable to establish a model based on clinical variables to
predict MCI [6]. The other studies used radiographic variables
to build the models from linear and/or angular measure-
ments, establishing an equation to determine the probability
of palatal/buccal MCI [34,35,38].



Limitations

The limited available evidence and the presence of a large
percentage of studies with a high risk of bias were a limita-
tion of this systematic review. All the predictors were built
from the radiological and clinical analysis of patients in pri-
mary, mixed, and permanent dentition. According to the
study design, most of them were cohort studies (n=7) and,
to a lesser extent, of cases and controls (n=4), with high
heterogeneity in the construction of the prediction models
that do not allow comparisons to be made among them.
Most of the included studies presented the risk of bias in the
patient selection domain of the QUADAS-2 tool, observing
an absence of randomization of the sample and blinding of
the researchers, together with the presence of biases in the
interpretation of the reference standard (Table 6, Figure 2).

The CBCT is considered a highly relevant tool for the
three-dimensional evaluation of craniofacial structures. Their
contribution to clinical practice in orthodontics includes the
study of impacted teeth, their relationship with adjacent
structures, root resorption, among other indications for diag-
nosis, treatment planning, and follow-up in orthodontics
[12]. Most of the studies proposed MCI prediction models
based on the analysis of two-dimensional radiographs and
without the inclusion of clinical variables, which would be a
limitation. Despite this, there is evidence that would indicate
that the use of panoramic radiographs could be considered
a reliable resource to locate the presence of canine palatal/
buccal impaction with results similar to the use of CBCT
[30,45]. Panoramic radiograph is a widely used examination
for the evaluation of teeth and maxillary bones by dentists
[49], and considering the prediction models analyzed in this
systematic review, they would be very useful because of
their lower exposure to radiation dose compared to CBCT
[50] and their lower cost.

Given the heterogeneity in the design of the included
studies and the proposed prediction models, it was not pos-
sible to perform a meta-analysis.

Conclusions

Based on studies with a moderate level of evidence, it is pos-
sible to suggest the use of prediction models based on
CBCT, panoramic and lateral head X-rays that consider the
position of the canine with respect to the adjacent teeth and
the pattern of facial growth to predict the palatal/buccal MCI
in early stages. This systematic review highlighted the need
for more studies to validate these and other prediction mod-
els, considering the performance of cohort studies, with bet-
ter methodological quality and greater follow-up in the
long term.
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