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Abstract 
Objectives The goal is to gather more information on orthodontic traction of impacted canines in the arch or their 
extraction.

Methods We focused our search on English-language papers published between January 1, 2004, and July 24, 2024 
in PubMed, Scopus, and Web of Science that were relevant to our topic. The search strategy employed the Boolean 
terms "impacted" AND "canine". In addition to the overview, this article discusses a number of clinical instances involv-
ing canine disinclusion.

Results The study analyzed 2748 papers from databases like Web of Science, PubMed, and Scopus, resulting in 1455 
articles after eliminating duplicates. After examining titles and abstracts, 897 entries were removed. The remaining 
558 papers were confirmed, with 543 items removed due to being off-topic. The study includes a qualitative analysis 
of the 15 final articles.

Conclusions This article concludes that both extraction and orthodontic traction are effective treatments 
for impacted canines, with the choice depending on patient-specific factors. Advances in surgical techniques 
and imaging technologies have improved outcomes, while a multidisciplinary, patient-centered approach remains 
essential. Future research should focus on refining treatment selection criteria and integrating genetic and techno-
logical advancements.
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Introduction
Impacted canines as a dental anomaly: etiology 
and factors
Impacted canines represent a significant dental anomaly 
with far-reaching implications for both orthodontic and 
surgical interventions [1]. !ese teeth, crucial for func-
tional occlusion and aesthetic harmony, often fail to 
erupt into their correct positions, leading to a range of 
clinical challenges [4]. Maxillary canines, in particular, 
exhibit a higher propensity for impaction, with preva-
lence rates reported to be between 1–3% in various popu-
lations [9]. !is prevalence underscores the necessity for 
dental professionals to possess a thorough understanding 
of the aetiology, diagnosis, and management of impacted 
canines to optimize patient outcomes [14]. Etiologically, 
impacted canines can arise from a combination of genetic 
and environmental factors [19] [24]. Genetic predisposi-
tions may include familial patterns of dental anomalies, 
while environmental influences encompass discrepancies 
in dental arch space, abnormal tooth eruption paths, and 
the presence of physical barriers such as supernumerary 
teeth, odontomas, or cysts [26]. !e multifactorial nature 
of canine impaction necessitates a comprehensive diag-
nostic approach [31].

Advances in diagnostic techniques
Accurate diagnosis typically involves a combination of 
clinical examination and radiographic imaging, with 
advanced techniques such as cone-beam computed 
tomography (CBCT) o"ering superior diagnostic 
accuracy by providing three-dimensional views of the 
impacted tooth and its surrounding structures [36]. 
Recent researches have advanced our understanding of 
the genetic components contributing to canine impac-
tion [44]. Studies have identified specific genetic mark-
ers associated with increased risk, suggesting that early 
genetic screening could play a role in future diagnostic 
protocols [49]. Additionally, innovations in imaging tech-
nologies have enhanced our ability to detect and assess 
impacted canines with greater precision [54]. CBCT, 
in particular, has become a valuable tool in pre-surgi-
cal planning, allowing for detailed visualization of the 
impacted tooth’s position relative to adjacent structures, 
which is critical for minimizing surgical risks [59].

Multidisciplinary treatment approaches
!e management of impacted canines often necessitates 
a multidisciplinary approach, integrating orthodontic 
strategies to create space and guide eruption, alongside 
surgical procedures to expose or remove the impacted 
tooth [64]. Orthodontic techniques such as the use of 
palatal expanders and fixed appliances can be employed 
to create the necessary space for eruption, while surgical 

options may include surgical exposure with orthodontic 
guidance, or in some cases, extraction [69]. !e timing of 
intervention is critical, as early detection and treatment 
can significantly reduce the complexity and duration of 
therapy [77]. Early intervention, particularly in patients 
with a familial history of dental anomalies, can facilitate 
more conservative management options and improve 
prognostic outcomes [82].

Surgical management and post-operative considerations
Hospitalization for the surgical management of impacted 
canines is generally minimal, with most procedures per-
formed on an outpatient basis [87]. However, the com-
plexity of the impaction and the presence of complicating 
factors such as cyst formation or severe crowding may 
necessitate more extensive surgical interventions, poten-
tially requiring short-term hospitalization [92]. Post-
operative care is crucial to prevent complications such 
as infection or excessive bleeding and to ensure proper 
healing and integration of orthodontic devices [97].

Comparing treatment modalities
!is study carefully examines the results of di"erent 
treatment modalities, such as early genetic screen-
ing, CBCT-guided surgical planning, and integrated 
orthodontic-surgical treatment techniques, in order 
to improve our understanding of the most successful 
therapies for impacted canines [102]. Key variables like 
treatment length, hospitalization rates, post-operative 
complications, and overall patient satisfaction will be the 
focus of the study’s evaluation of patient outcomes [107]. 
!e importance of biological factors such as: age of the 
patient, position of the canine, presence or absence of 
crowding, and iatrogenic factors as the ultimate goal of 
treatment are critical to the choice between extraction 
of the impacted tooth and guided traction in the arch of 
the latter [112]. Each approach has distinct advantages, 
limitations, and potential complications that must be 
considered to optimize patient outcomes [117]. By ana-
lysing these factors, the study seeks to provide evidence-
based guidance for clinical decision-making, enhancing 
the quality of care for patients with impacted canines and 
determining the most e"ective and patient-centred treat-
ment approach [122].

Extraction as primary option
When canines are severely dislocated, surrounding struc-
tures are a"ected, or there is not enough arch space to 
allow for guided traction, extractive treatment is thought 
to be the best course of action [127]. Its main advantage 
is the immediate resolution of the problem, reducing the 
risk of infection, cyst formation, and further dental dam-
age, and potentially shortening the overall treatment time 
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[132]. However, extraction can lead to aesthetic concerns 
and functional issues, necessitating prosthetic replace-
ments to maintain the appearance and occlusal function 
[137].

Traction and its bene"ts
Traction involves surgically exposing the impacted 
canine and using orthodontic techniques to guide it into 
position, preserving the natural tooth and maintaining 
aesthetic and functional integrity [142]. !is method, 
while beneficial for retaining a natural and appealing 
smile, and ensuring proper occlusion, is complex, time-
consuming, and requires meticulous orthodontic man-
agement and patient compliance. Surgical exposure also 
carries risks such as infection and potential damage to 
surrounding structures [152]. !ese randomized con-
trolled trials aim to comprehensively compare extraction 
and traction by evaluating outcomes like treatment dura-
tion, hospitalization rates, post-operative complications, 
patient satisfaction, and long-term functional and aes-
thetic results. By analysing these factors, the study seeks 
to provide evidence-based guidance for clinical decision-
making, enhancing the quality of care for patients with 
impacted canines and determining the most e"ective and 
patient-centred treatment approach [157].

Study objectives
!is article outlines the methodology and presents 
the initial findings of our study on the management of 
impacted canines. By synthesizing recent research and 
clinical practices, we aim to provide evidence-based rec-
ommendations to enhance the clinician’s ability to e"ec-
tively address this common yet complex dental issue. 
!rough an exploration of genetic insights, advance-
ments in imaging technology, and multidisciplinary 
treatment strategies, we hope to contribute to the ongo-
ing e"orts to improve patient outcomes and quality of 
care in the management of impacted canines.

Materials and methods
Protocol and registration
!is review was carried out in compliance with PRISMA 
(Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) criteria, and it was filed with the number 
CRD 577493 on PROSPERO (!e International Prospec-
tive Register of Systematic Reviews) [163]. !e primary 
research question of this review is to evaluate and com-
pare the e"ectiveness of di"erent surgical and ortho-
dontic interventions for the management of impacted 
canines. Specifically, the review aims to assess the out-
comes of extraction versus orthodontic traction in terms 
of treatment duration, patient satisfaction, post-oper-
ative complications, and overall success. In addition to 
the review, this article also deals with a series of clinical 
cases of canine disinclusion. !ree patients between the 
ages of 9–14 (mean 11.5  years) with unerupted canines 
were selected and examined at the Department of Ortho-
dontics, University of Bari. !e participants and parents 
provided written informed consent to be involved in the 
study. Exclusion criteria included open and deep-bite, 
oral or systemic diseases, previous orthodontic treat-
ment. !e panoramic radiograph (a single-cut tomogram 
of the entire Maxilla and jaw) is the first radiographic 
record needed. !e pre-treatment variables on the pano-
ramic radiograph as alpha-angle (α), distance (d) and sec-
tor (s) were often evaluated [164]. !e same method for 
worsening of mandibular canine was used.

Search processing
We limited our search to English-language papers pub-
lished between January 1, 2004, and July 24, 2024, in Pub-
Med, Scopus and Web of Science that were relevant to 
our topic. In the search approach, the Boolean keywords 
"impacted” AND “canine" were used. We chose these 
terms because they most correctly described our inves-
tigation’s goal, which was to acquire greater knowledge 
into orthodontic traction of impacted canines in the arch 
or their extraction (Table 1).

Inclusion criteria
!ree reviewers reviewed all relevant publications using 
the following criteria: (1) only human subjects research, 
(2) full text, and (3) scientific studies evaluating canine 
disengagement. !e PICO model was created using the 
following steps:

• Criteria: Application in the present study;
• Population: Human subjects with impacted canine;

Table 1 Indicators for database searches

Articles screening strategy KEYWORDS: “A”: impacted; “B”: canine;

Boolean Indicators: “A” AND “B”

Timespan: January 1, 2004, to July 24, 2024

Electronic databases: Pubmed; Scopus; Web of Science
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• Intervention: Orthodontic treatment for to disin-
clude canines to bring them into the arch or extract 
them;

• Comparison: Control group;
• Outcome: Evaluation of successful canine disinclu-

sion;
• Study design: Randomized Controlled Trials, obser-

vational study

Exclusion criteria
Exclusion criteria included non-English-language arti-
cles, ineligible research designs, ineligible outcome meas-
ures, ineligible populations, case studies, reviews, and 
animal studies.

Data processing
Author conflicts about the choice of articles were 
addressed and resolved.

Article identi"cation procedure
Two reviewers, F.I. and F.P., independently evaluated 
appropriateness. An extra manual search was performed 
to boost the number of articles available for full-text 
analysis. English-language articles that fit the inclusion 
requirements were considered, and duplicates and non-
qualifying items were identified with a rationale for 
exclusion.

Study evaluation
!e reviewers separately evaluated the article data using 
a specific electronic form established according to the 
following categories: authors, year of study, aim of the 
study, materials and methods, and results.

Quality assessment
Two reviewers, F.P. and F.I., utilized the ROBINS-I tool 
to evaluate the quality of the included articles. ROBINS-I 
was developed to assess the risk of bias in non-randomized 
studies that compare the health e"ects of two or more 
medications. Each of the seven assessed points was given 
a bias degree. F.I., the third reviewer, was contacted in the 
case of a disagreement until a resolution was reached. To 
improve the impartiality and uniformity of the assess-
ments, any di"erences or disagreements among review-
ers were handled via discussion and consensus-building. 
When there was no consensus, a third reviewer made the 
final choice. It helped to improve the overall assessment 
of the quality and dependability of the results by identify-
ing the strengths and shortcomings of the evidence base. 
By accounting for the likelihood of bias, the authors of this 
review were able to draw more informed interpretations 
and conclusions based on the evidence presented.

Case series
Case 1
FA, a nine-year-old girl, presented an unerupted man-
dibular canine. After six months of observation lower-
right-canine deciduous was still present. Panoramic 
radiograph was prescribed. Odontome was present in 
the area of permanent lower-right canine that was sub-
merged in bone, far from its eruptive path. Deciduous 
canine has not root resorption. So, surgical enucleation 
of composite odontome was performed, and eruption of 
canine was expected. On panoramic radiograph canine 
presented a α angle of 19° a distance (d) of 18  mm and 
was located in sector (s) 3. After two months a panoramic 
radiograph was prescribed (Fig. 1).

Position of permanent canine was worsened. Its trans-
position was observed, canine was near the mandibular 
midline. On second panoramic radiograph canine pre-
sented a α angle of 38° a distance (d) of 17 mm and was 
located in sector (s) 3 (Fig. 2).

So orthodontic treatment with fixed appliance was 
chosen to start orthodontic traction of the impacted cus-
pid. !e treatment of the canine was concluded with its 
extraction (Fig. 3).

Case 2
DS, an eight-year-old girl, came in Department of Ortho-
dontics, University of Bari for dental malocclusion 

Fig. 1 First panoramic radiograph

Fig. 2 Panoramic radiograph after odontoma removal
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evaluation. Patients presented many caries on decidu-
ous teeth so the panoramic and cranium radiographies 
were prescribed. Panoramic evaluation showed that both 
maxillary canines presented an alpha angle unfavourable 
to physiologic eruption. Upper left canine presented an 
alpha angle worse than the right: canine 1.3 presented an 
α angle of 23° a distance (d) of 22 mm and was located in 
sector (s) 3, while 2.3 presented an α angle of 25° a dis-
tance (d) of 24  mm and was located in sector (s) 3. On 
both maxillary sides premolars and canine lost the erup-
tive line (Fig.  4). !e patient’s parents decided to post-
pone the treatment for several months. Eight months 
later patients returned in Orthodontics Department and 
new radiographs were prescribed. Both canines worsen 
their position. An orthodontic treatment with a fixed 
appliance was proposed and accepted by the patient. 
Treatment started in upper arch bonding the brackets 
on four upper incisors and positioning two orthodontic 
bands on upper molars. After three months of treatment 
a radiographic control was done. Right canine further 
worsen its position. !e left canine remained in its posi-
tion. Radiograph evaluation showed the follow values for 
both canines: 1.3 α angle of 25° a distance (d) of 24 mm 

and was located in sector (s) 3; 2.3 α angle of 54° a dis-
tance (d) of 24 mm and was located in sector (s) 3 (Fig. 5).

Case 3
AC, a twelve-year-old girl, came in Department of Ortho-
dontics, University of for dental malocclusion evaluation. 
Radiographic evaluation was done. On panoramic radi-
ography mandibular seconds premolars and two incisors 
agenesis was evaluated. !e 2.3 showed a α angle of 53° a 
distance (d) of 25 mm and was located in sector (s) 2. !e 
1.3 presented a α angle of 49° a distance (d) of 29 mm and 
was located in sector (s) 1. In maxillary arch no agenesis 
was evaluated (Fig. 6).

On radiograph bilateral canines inclusion was pre-
sent. Left canine had a worse position than right canine. 
Extraction of deciduous molars and fixed appliances on 
both arches (American Orthodontics, Sheboygan, WI, 
USA) was estimate. After three months of orthodontic 
treatment with fixed oral appliance a panoramic radio-
graph was prescribed before surgical treatment to hook 
both canines. On radiograph a worsening of left canine 
was evaluated. !e 2.3 presented a α angle of 92° a dis-
tance (d) of 29  mm and was located in sector (s) 1; 1.3 
presented an α angle of 32° a distance (d) of 11 mm and 
was located in sector (s) 2 (Fig. 7).

Fig. 3 Operating sequence of mandibular right canine extraction

Fig. 4 First panoramic radiograph

Fig. 5 Panoramic radiograph after three months of treatment
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When imaging young patients, low-dose CBCT pro-
tocols should be implemented to minimize radiation 
exposure, in accordance with ALARA and ALADAIP prin-
ciples, while still providing su%cient detail for procedures 
such as assessing impacted canines, as the latest CBCT 
devices o"er e"ective low-dose imaging solutions [31].

Results
A total of 2748 papers were obtained from the databases 
Web of Science (796), PubMed (740), and Scopus (1212). 
!is resulted in 1455 articles after eliminating duplicates 
(1293). 897 entries were eliminated after their titles and 
abstracts were examined. !e writers were able to suc-
cessfully obtain the remaining 558 papers and confirm 
their eligibility. 543 items were eliminated as a result of 
this process because they were o" topic. !e qualitative 
analysis of the 15 final articles is included in this study 
(Fig. 8). Each study’s findings were presented in Table 2.

Quality assessment and risk of bias of included articles
Figures 9 and 10, showing the risk of bias in the included 
studies assessed using RoB 2 for randomized trials and 
ROBINS-I for the observational study. Figure 9 highlights 
the risk of bias in the included randomized controlled 

trials (RCTs). Most studies exhibit a high risk of bias due 
to issues in the randomization process and deviations 
from intended interventions. Measurement bias gener-
ally shows a low risk, indicating reliable outcome meas-
urements. Many studies also show minimal bias from 
missing data. However, bias in the selection of reported 
outcomes is prevalent across most RCTs, impacting the 
robustness of their findings. Overall, the findings indicate 
that few RCTs maintain a low risk of bias, while several 
exhibit moderate to high risks.

Figure  10, illustrating the risk of bias in the observa-
tional study, shows that there is a serious risk of bias due 
to confounding and measurement of outcomes. Selection 
bias and deviations from intended interventions gener-
ally display low-risk levels, indicating adequate partici-
pant selection and adherence to intervention protocols. 
!e observational study reveals moderate to serious bias 
levels overall, with a significant risk due to confounding 
and measurement inaccuracies, which may impact the 
interpretation of findings.

Discussion
Impacted canine control is an integral part of orthodon-
tic treatment and involves a delicate balance between 
e"ectiveness, safety, and comfort for the patient. 
Impacted canines are relatively common dental anoma-
lies that create a variety of diagnostic and treatment 
challenges for an orthodontist [180]. Recent advances in 
technology and treatment philosophies have altered the 
approach to managing impacted canines and added new 
and improved solutions to the clinician’s armamentarium 
[185].

!e most common forms of treating impacted canines 
include extraction and traction. !is review compares 
the two approaches based on the most recent and best 
research and available clinical outcomes about their rela-
tive e"ectiveness and impact on patient care.

Technological advances in orthodontics
Computer-aided techniques significantly improved the 
safety and accuracy of orthodontic surgical intervention. 
Kivovics et  al. (2024) confirmed the advanced presurgi-
cal planning process with individual presurgical guides to 
increase precision and safety, especially in complex cases 
[166]. Moreover, Björksved et al. (2021) stated that three-
D imaging with pc-guided planning has better results in 
cases of hard anatomical systems since it reduces com-
plications and gives better surgical e"ects [179]. !e 
minimally invasive strategies in orthodontics have also 
advanced and involve laser technology [195]. Accord-
ing to Impellizzeri et  al. in 2023, laser strategies have 
been found to lower bleeding and post-operative ache by 
approximately 30% and 20%, correspondingly, compared 

Fig. 6 First panoramic radiograph

Fig. 7 Panoramic radiograph where one can see the worsening 
of the position of the left canine
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to traditional techniques [40]. !ese strategies are also 
found to promote faster recovery and decrease the 
requirement of analgesia, thereby improving the comfort 
and recovery of patients [200]. !is, therefore, becomes 
part of less invasive approaches in the best interest of 
patient well-being and satisfaction [204]. Corticotomy-
assisted treatments were evaluated for their ability to 
increase tooth motion [207]. Mousa et al. observed that 
corticotomy could decrease orthodontic treatment time 
by approximately 40% [14]. However, Verma et al. found 
that this technique initiates regional acceleratory phe-
nomenon, resulting in increased tooth movement with 
no evidence of periodontal health impairment [170]. 
!ese studies exemplify the changing face of orthodontic 
treatments, with a search toward more patient-friendly 
options.

Comparison of extraction and traction techniques
Impacted canines are managed by several techniques, 
including extraction and traction methods. A study by 
Hadler-Olsen et  al. (2020) on the management of the 
palatally displaced canine compared the single and dou-
ble extraction of primary teeth [174]. No significant 
di"erence in eruption rates was noted between these 

two methods. Both techniques proved useful, but criti-
cal factors toward success were initial canine angula-
tion and space conditions [212]. Naoumova et al. (2015) 
reviewed deciduous canine extraction and noted that 
eruption rates in the extraction group were significantly 
greater than in the control group at 80% compared with 
50% after 12  months, thereby supporting deciduous 
canine extraction as an e"ective interceptive measure 
[52]. Antunes et al. (2018) evaluated the e"ect of alveo-
lar bone grafting on the eruption of impacted canines in 
patients with cleft lip and palate [176]. According to this 
study, while bone grafting usually provided for spontane-
ous eruption, 33.33% of them still needed orthodontic 
traction, emphasizing the need for individualized treat-
ment plans. In a 2019 study, Parkin et al. compared the 
aesthetic and functional outcomes using closed and open 
surgical techniques for impacted canines [110]. While 
minor di"erences in the aesthetics of both closed and 
open surgical techniques have been noted, closed tech-
niques involve less postoperative pain and promote faster 
recovery, making them more favorable for reducing dis-
comfort [220]. Björksved et al. (2021) supported this by 
indicating that open surgical techniques demonstrated 
increased postoperative pain and functional impairment, 

Fig. 8 PRISMA flowchart of the literature search and article inclusion process
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especially in bilateral cases, and thus closed technique 
had to be preferred since it causes less pain and has fewer 
major complications [167]. Mousa et al. (2023) reviewed 
the periodontal outcomes of corticotomy-assisted versus 
conventional closed-flap traction, finding no significant 
di"erences in periodontal health parameters between the 

two modalities, with minimal negative e"ects on perio-
dontal tissues [169]. !ese findings have been supported 
by Verma et  al. (2023), which stated that corticotomy-
assisted techniques surely accelerate tooth movement 
significantly and positively, with the maintenance of good 
periodontal health, and therefore turn into a feasible 

Fig. 9 Bias assessment by RoB 2 for randomized trials

Fig. 10 Bias assessment by ROBINS-I for the observational study
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alternative to conventional techniques of traction [170]. 
Cunha-Cruz et al. in 2015 and Jang et al. in 2021 further 
emphasized the role of evidence-based practice in ortho-
dontics, advocating for the integration of available evi-
dence into clinical practice to make informed treatment 
decisions and improve patient outcomes [172]. Björksved 
et  al. (2021) highlighted the significance of patient-cen-
tered care, stating that treatment should be based on 
patient preference and clinical concerns [179]. From a 
perspective of individualized care, this care should be 
oriented toward fulfilling individual needs and expecta-
tions for improved results and satisfaction [226].

Key insights and clinical implications
Studies have shown that extraction of primary teeth, 
especially the deciduous canines, as discussed in Naou-
mova et  al., greatly facilitates the eruption of impacted 
canines [76]. !e simplicity and minimal invasiveness of 
the technique associated with high success rates and a 
low complication rate make it an option whose e%ciency 
may di"er in di"erent patients; therefore, treatment must 
be planned on an individual basis [231]. On the contrary, 
traction methods, particularly corticotomy-assisted tech-
niques following surgical intervention, are potent alterna-
tives that do not seem to compromise periodontal health. 
!ese are useful in patients in whom simple extraction 
may prove inadequate. According to Mousa et  al., con-
ventional and accelerated traction methods are compara-
ble in terms of comfort and periodontal outcomes, with 
no significant di"erences in pain or functional impair-
ment [178]. !e results from Björksved et  al. study, on 
closed vs. open surgical exposure techniques, outline the 
benefits of the former in terms of less postoperative pain 
and fewer functional impairments [171]. !is is impor-
tant information to have at hand when being faced with 
clinical decisions that involve patient comfort and recov-
ery as major concerns. Parkin et  al. commented on the 
aesthetics-related outcomes of the techniques involved 
in their study, outlining that both methods have similar 
e"ects concerning aesthetics, with slight advantages of 
the closed techniques being possible in the clinical set-
ting [113]. !is reiterates the incorporation of variables 
specific to the patient, such as aesthetic priorities and 
general comfort, in order to decide upon which approach 
is best for every patient. Timing of intervention also had 
its importance, from the study by Antunes et al., wherein 
e"ectiveness in alveolar bone grafting for patients with 
cleft lip and palate indicated benefits toward improved 
eruption outcomes [176]. !is suggests that in order to 
maximize patient outcomes, orthodontic treatment plan-
ning must be done in a timely and planned manner.

In conclusion, he comparison between extraction and 
traction techniques in orthodontics delineates the fact 

that several factors, like patient preferences, clinical con-
ditions, and evidence-based practice, have to be con-
sidered in order to arrive at the most appropriate and 
e"ective treatment plan. !e trend toward less invasive 
and more patient-friendly techniques, such as cortico-
tomy-assisted treatments and closed surgical methods, 
is one of improvement in patient comfort and recovery 
with successful outcomes.

Limitations and future directions
!e majority of orthodontic research is restricted by a 
number of critical limitations that significantly com-
promise the reliability and practicality of findings [236]. 
First, many studies have small sample sizes, with short 
follow-up, similar to those conducted by Hadler-Olsen 
et  al. in 2020 and Naoumova et  al. in 2015, that could 
compromise the ability to detect long-term problems 
and generalize findings [174]. Additionally, there is sig-
nificant variability in study designs and protocols, mak-
ing it di%cult to compare results across di"erent studies, 
as evidenced by the discrepancies between the methods 
utilized by Parkin et al. (2013) and Björksved et al. (2021) 
[175]. !e subjectivity in measurements of outcomes, 
mainly related to aesthetic assessments, implies possible 
bias and inconsistency in the results obtained, which was 
actually confirmed by Parkin et al. (2013) [175]. Moreo-
ver, there is a lack of literature regarding the e"ective-
ness of various techniques and related complications in 
the long term. For instance, Mousa et al. (2023) present 
short-term results [169]. In this context, the response of 
each patient to, for example, bone grafting or application 
of traction is very di"erent, as stated by Antunes et  al. 
(2018), hence too subjective to predict the outcomes, 
and thus requires a specific and unique treatment plan in 
each case [176].

Future studies should give priority to the extension of 
works involving larger samples with diversified popula-
tions to increase the generalizability of findings [239]. 
Long-term, multi-center trials with an extension of fol-
low-up may explore durability and e%cacy accruable to 
various treatment techniques [242]. Also, standardization 
of the research protocols is needed regarding uniform-
ity in standards for outcome assessments with respect to 
aesthetic and functional measures and standardized pain 
and discomfort rating scales. Future prospects include 
developments in imaging technology that presently 
incorporate 3D CBCT. Patient-centered outcomes, such 
as quality of life, satisfaction with treatment, and func-
tional and aesthetic results in the long term, are parame-
ters that should be monitored to keep the patient close to 
the treatment plan [146]. Investigating combined treat-
ment techniques may also reveal new insights into opti-
mizing care, and developing predictive models using data 
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analysis and machine learning could lead to more per-
sonalized and e%cient treatment planning. Addressing 
these limitations and future directions will drive progress 
in orthodontics, ultimately enhancing treatment options 
for impacted canines and improving patient care.

Conclusions
!is systematic review highlights the critical factors 
in the management of impacted canines, emphasizing 
the importance of tailored treatment approaches. Both 
extraction and orthodontic traction are e"ective options, 
each with specific advantages depending on the severity 
of impaction and patient-specific factors. While extrac-
tion provides a faster solution and reduces risks of com-
plications, it may lead to aesthetic and functional issues 
requiring prosthetic solutions. On the other hand, trac-
tion, though more complex and time-consuming, pre-
serves the natural tooth and aesthetic integrity. Advances 
in surgical techniques, such as the use of laser technol-
ogy and minimally invasive corticotomy, have improved 
outcomes by reducing surgical time and enhancing the 
speed of tooth eruption, with minimal side e"ects. !e 
integration of advanced imaging technologies like CBCT 
has also enhanced diagnostic accuracy and surgical plan-
ning, reducing risks and improving patient outcomes. 
!e review underscores the necessity of a patient-cen-
tered, multidisciplinary approach to treatment, consid-
ering the multifactorial etiology of canine impaction, 
which includes both genetic and environmental factors. 
Early genetic screening may play a future role in predict-
ing impaction risks and guiding timely interventions. !e 
findings advocate for further research, particularly rand-
omized controlled trials, to refine treatment selection cri-
teria and incorporate emerging genetic and technological 
advancements into clinical practice.
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