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of palatal impacted canines: a systematic review
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Abstract 

Background: This review evaluates, as a primary outcome, which surgical technique (open vs. closed) and which 
type of material used for the auxiliaries (elastic vs. metallic) were preferable in terms of periodontal results during the 
treatment of palatal-impacted canines. The timing of the evaluation of the results was also assessed as a secondary 
outcome.

Methods: An electronic search of the literature up to March 2021 was performed on Pubmed, MEDLINE (via Pub-
med), EMBASE (via Ovid), Cochrane Reviews and Cochrane Register of Controlled Trials (RCTs) (CENTRAL). The risk of 
bias evaluation was performed using version 2 of the Cochrane risk of bias tool (RoB 2) for RCTs and the ACROBAT 
NRSI tool of Cochrane for non-RCTs.

Results: 11 articles met the inclusion criteria. Only one RCT was assessed as having a low risk of bias and all the 
non-RCTs were assessed as having a serious risk of bias. This review revealed better periodontal results for the closed 
technique and metallic auxiliaries. In addition, it revealed that the timing of the evaluation of the results affects the 
periodontal results with better results obtained 2 years after the end of treatment.

Conclusion: In the treatment of a palatal-impacted canine, the closed technique and metallic auxiliaries should be 
preferred in terms of better periodontal results. The timing of the evaluation of the results affects the periodontal 
results.
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Background
The impaction of permanent maxillary canine affects 
1–3% of the general population [1, 2]; this issue is twice 
as frequent in females as compared to males [3]; and is 
more frequently unilateral than bilateral [3, 4]. Palatal 

impaction occurs in 43–87% of impaction cases and is 
more common in Caucasian subjects than others [5–9].

Clinicians debate whether the open [10] or the closed 
[11] surgical approach during surgical-orthodontic treat-
ment should be the treatment of choice for palatally-dis-
placed canines.

Literature reviews which compare these two surgi-
cal techniques as the therapeutic approach to pala-
tal-impacted canines have concluded that there is no 
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difference between them regarding the periodontal out-
comes [12, 13].

Concerning disimpaction treatment, there is no ade-
quate literature on the different systems of force appli-
cation and there is no quantitative analysis of these 
variables which can influence the results of the treated 
teeth, the contiguous teeth and periodontal health. Dur-
ing traditional fixed orthodontic treatments, the type of 
material used may have a different impact on the peri-
odontal status, so this specific variable should be con-
sidered as a key factor in periodontal and dental results 
[12–14].

Furthermore, no previous systematic reviews reveal 
how the timing of the assessment can affect the results.

The aim of this study is to assess which therapeu-
tic approach is preferable for palatal-impacted canines 
through a systematic review comparing the "open" and 
the "closed" surgical techniques and the system of forces 
application (elastic or metallic auxiliaries) (primary out-
come). In addition, the influence of the timing of peri-
odontal results evaluation was also assessed: results 
evaluated within 2 years from the end of treatment were 
compared with results assessed after 2 years from the end 
of treatment (secondary outcome).

The review was based on the PRISMA checklist [15].

Methods
Protocol and registration
Not available.

Eligibility criteria
The following criteria were selected in this study.

Types of participants (P)
Orthodontic patients with unilateral, palatal impacted 
canines were included, with no age, race or type of mal-
occlusion restrictions.

Types of interventions (I)
Three variables were analysed:

1. Surgical technique
2. Force application system
3. Timing of periodontal results evaluation.

Comparisons (C)
For the three aforementioned types of intervention:

1. Open technique versus Closed technique
2. Metallic auxiliaries (cantilever, ligatures, easy cuspid 

device, spring) versus elastic auxiliaries (ligatures, 
chains)

3. Periodontal results evaluation: < 2 years after the end 
of treatment vs. > 2 years after the end of treatment.

Outcomes (O)
The following periodontal indices were considered: PD: 
Probing depth, PI: Plaque Index, REC: Recession, KT: 
Keratinized Tissue, CL: Crown length, CAL: Clinical 
Attachment Level.

Included study types (S)
Randomized Controlled Trials (RCTs), Quasi-RCT 
(Q-RCTs), Controlled Clinical Trials (CCTs), unclear 
Non-Randomized Studies (uNRS), Prospective and Ret-
rospective Studies were included in this study. Case 
reports were excluded.

Eligibility criteria comprised of: only articles pub-
lished in English after 1990; description of periodontal 
results and description of the system of forces application 
included.

Exclusion criteria were the period of publication, non-
English language, studies that did not report adequately 
periodontal results or the description of both surgical 
approach and forces application system.

Search strategy
The studies were identified by bibliographic research of 
electronic databases, examining the bibliography of the 
articles.

The bibliographic research was carried out on Pubmed, 
MEDLINE (via Pubmed), EMBASE (via Ovid), Cochrane 
Reviews and Cochrane Register of Controlled Trials 
(CENTRAL).

The research was performed up to March 2021.
The search was carried out using a combination of 

controlled vocabulary and free text terms and Boolean 
operators.

The free text keywords used for PubMed are shown in 
Table 1.

Study selection
The selection of the studies was carried out indepen-
dently by two of the Authors (S.B. and R.G.). The degree 
of accuracy and agreement between the two authors was 
assessed using Cohen’s kappa coefficient (κ). Any disa-
greement was resolved by a third Author (F.A.). Poten-
tially adequate studies were initially identified through 
the evaluation of the title. Abstracts of the non-excluded 
studies were read and studies that did not match the eli-
gibility criteria were eliminated. At the next stage, full 
texts were examined and items that did not match the eli-
gibility criteria were excluded.
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Data collection process
The data were collected into an excel file and then 
reviewed by two of the Authors (S.B. and R.G.). Any 
disagreements were resolved through comparison with a 
third Author (F.A.).

Data item
Information regarding the studies is shown in Table 2.

Risk of bias assessment
The risk of bias was assessed independently by two 
Authors (S.B. and R.G.). Any disagreement was resolved 
by two other Authors (C.G. and F.A.). The study quality 
of randomized and quasi-randomized studies was deter-
mined using version 2 of the Cochrane risk of bias tool 
(RoB 2) to the domains shown in Table 3 [16]. The result 
can be ’Low’ or ’High’ risk of bias or can express ’Some 
concerns’.

The non-randomized trials were assessed by ACRO-
BAT NRSI tool of Cochrane to the domains shown in 
Table 4 [17].

Possible results for each domain and for the overall 
results were: ’low’, ’moderate’, ’serious’, ’critical’ risk of bias 
and ’no information’.

Effect measures and synthesis methods
Mean values and standard deviations (DS) were used 
in order to express the estimate of effect. Where stand-
ard deviations were missing, they were calculated and 
then all the values were reported in tables shown in 

the additional files (Af). Specifically, Additional file  1: 
Table S1.Af reports periodontal indices according to the 
surgical technique, Additional file 1: Table S2.Af reports 
periodontal indices according to the system of force 
application, Additional file  1: Table  S3.Af reports perio-
dontal indices regarding the surgical technique, classified 
on the results of the evaluation timing, Additional file 1: 
Table S4.Af reports periodontal indices regarding the sys-
tem of force application, classified on the results evalua-
tion timing.

Results
Study selection
A total of 3217 studies were identified through the 
database search. 1651 of these studies were eliminated 
because the title was not related to the research that was 
being carried out. After the duplicates were deleted, 297 
items remained. Abstracts were read and 213 articles 
were excluded because they did not meet the inclusion 
criteria: 53 articles were deleted because they were pub-
lished before 1990, 93 articles were excluded because of 
the study type, 41 articles were excluded due to the thera-
peutic approach type, 26 were excluded because it was 
not specified whether the results were for palatal or buc-
cal impacted canines.

The full text of the remaining 84 articles were exam-
ined. 69 were excluded because they did not match the 
eligibility criteria: 4 of them were excluded because the 
full text was not in English, 39 studies did not report per-
iodontal results or the force application system. 30 arti-
cles did not report the force application system.

Table 1 Keywords used for pubmed search

Keywords Items found

1 Palatally impacted canine 360

2 Palatal canine impaction 433

3 Palatally displaced canine 192

4 Canine impaction surgical orthodontic treatment 370

5 Canine impaction surgical orthodontic treatment effect 34

6 Palatal impacted canine treatment 304

7 Palatally displaced canine treatment 104

8 Palatal canine impaction AND treatment 302

9 Palatal displaced canine AND treatment 109

10 Palatal canine AND treatment AND side effect 56

11 Palatally impacted canine AND treatment AND side effect 8

12 Palatally impacted canine AND treatment AND periodontal status 22

13 Palatal impacted canine AND treatment AND surgical orthodontic 130

14 Palatal impacted canine AND open technique 20

15 Post-treatment AND palatal impacted canine 14

16 Adverse effect AND treatment AND palatal impacted canine 5

17 Side effect AND treatment AND palatal impacted canine 9
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Following the application of the eligibility criteria, 11 
articles remained. The selection procedure is represented 
in Fig. 1.

Cohen’s kappa coefficient (κ) was 0,857 showing an 
excellent strength of agreement amongst the Authors.

Study characteristics
Of the 11 items, one study was an RCT [18], one was a 
Q-RCT [19], three were prospective studies [10, 20, 21], 
five were retrospective studies [22–26] and there was one 
unclear Non-Randomized Study (uNRS) [27]. A total of 
364 subjects were analyzed across all the studies.

Parkin’s et  al. [18] study compares subjects treated 
with the open and closed technique. The force applica-
tion system was not adequately explained so it was not 
considered. Smailiene’s et  al. [19] study compares open 
and closed techniques to each other and against con-
tralaterals, but in this study the closed technique-treated 
group was excluded from the quantitative and qualitative 
results assessment because it was followed by a spon-
taneous eruption which is not the subject of this study. 
The force application system used was metallic. Mum-
molo’s et  al. [10] study compares subjects treated with 
the open technique and elastic force application system 
to the contralaterals. In Zafarmand and Gholami’s [20] 
study subjects treated with open technique and an elastic 
force application system are compared to the contralater-
als. In Szarmach’s et  al. [21] study subjects treated with 
open technique and metal force application system with 
contralaterals were compared. Bollero’s et  al. [22] study 
compares subjects treated with closed technique and 
elastic forces application system to the contralaterals. 
Caprioglio’s et al. [23] study compares impacted canines 
treated with closed technique and force application sys-
tem using metal ligatures with the untreated contralater-
als. Evren’s et al. [24] study compares canines treated with 
closed technique and contralaterals not specifying the 
type of force application system used for disimpaction. 
In Zasciurinkiene’s et al. [25] study subjects treated with 
closed technique and using a metallic auxiliary to apply 
the force system were compared to the contralaterals. 
Crescini et al. [26] compares subjects treated with closed 
technique and with an elastic force application system 
with the contralaterals. Hansson and Rindler’s [27] study 

compares canines treated with open and closed tech-
nique with the contralaterals.

Further information about study characteristics is col-
lated in Table 2.

Risk of bias
The results for randomized and quasi-randomized stud-
ies are shown in Table 3.

Regarding the sequence generation and the allocation 
concealment Smailiene’s et al. [19] study was at high risk 
of bias because it described an inappropriate method of 
random sequence generation. It is impossible to blind 
participants or the dentist to the surgical procedure, but 
assuming that the surgeon was equally experienced at 
both techniques, it unlikely that this would introduce a 
high degree of bias due to deviations from the intended 
interventions. For this reason, the studies were judged to 
be at low risk of bias for this domain. Since missing out-
come data were balanced in numbers across interven-
tion groups, with similar reasons for missing data across 
groups, the studies were judged to be at low risk of bias 
for this domain. RCTs studies were judged to be at low 
risk of bias in measurement of the outcome because the 
statement about primary or secondary outcomes was sat-
isfactorily clear. Regarding risk of bias in selection of the 
reported result, all studies were considered at low risk.

Regarding the non-randomized trials, the results are 
shown in Table 4.

For each separate outcome different confounders were 
considered for the assessment of risk of bias such as 
the initial position and the angle of canine (orientation, 
inclination and depth of impaction), oral hygiene, initial 
periodontal condition, age and gender. All the non-RCTs 
were assessed as having a serious risk of bias.

Synthesis of results
Parkin’s et  al. [18] study reports no difference between 
canines exposed through an open versus a closed sur-
gical technique, but it reported a statistical difference 
in certain periodontal indices when comparing oper-
ated and contralateral (unoperated) canine. It con-
cludes that there is no difference in periodontal health 
for impacted canine treated with either the open or 
closed technique. In Smailiene’s et  al. [19] study it was 
reported that there were no significant differences with 

Table 3 Risk of bias for randomized trials

Authors Risk of bias 
arising from the 
randomization process

Risk of bias due to 
deviations from the 
intended interventions

Missing 
outcome 
data

Risk of bias in 
measurement of the 
outcome

Risk of bias in 
selection of the 
reported result

Overall 
risk of 
bias

Parkin et al. [18] Low Low Low Low Low Low

Smailiene et al. [19] High Low Low Low Low High



Page 10 of 13Guarnieri et al. BMC Oral Health          (2021) 21:574 

respect to periodontal pocket depth. However, compared 
with contralateral normally erupted canines, impacted 
canines showed a significant bone loss at a specific site 
of the canine. Mummolo’s et al. [10] concluded that the 
periodontal status of palatal impacted canine was not 
affected by surgical-orthodontic treatment with an open 
technique. In Zafarmand and Gholami’s [20] study they 
did not report a significant difference between the peri-
odontal status of the 2 groups except for the level of 
alveolar bone that was significantly lower in the surgi-
cally-exposed group. Szarmach’s et  al. [21] showed an 
overall inferior periodontal result in the experimental 
group compared to the control group, especially in spe-
cific periodontal sites. In Bollero’s et al. [22] study, pala-
tally impacted canines exhibited a significantly greater 
PD on the mesiolingual site when compared to their con-
tralaterals while the other periodontal results were not 
significant. Caprioglio’s et al. [23] study reports that the 
use of a closed-flap surgical technique in association with 
a codified orthodontic traction system revealed no sig-
nificant clinical differences regarding periodontal indices 
compared to the control group. Evren’s et al. [24] study, 
reports that palatally impacted canines treated with the 
closed technique had worse periodontal indices values 
compared to their contralaterals. Zasciurinkiene’s et  al. 
[25] showed that a significant increase in pocket depth 
was found at specific sites of the canine after surgical-
orthodontic treatment, but the periodontal conditions 
were considered clinically acceptable. The Crescini et al. 
[26] study reported that no significant differences in the 

periodontal indices were observed between test and con-
trol teeth at the follow-up examination. Hansson and 
Rindler’s [27] study results showed good periodontal sta-
tus with slight differences between treated and untreated 
teeth.

In this study, the Authors used the mean values of the 
periodontal indices to compare them. Due to the hetero-
geneity of the available data, it was impossible to perform 
an appropriate meta-analysis, therefore a qualitative eval-
uation was performed based on the values shown in the 
additional files.

Regarding the surgical approach it was possible to 
note a higher PD value in the open technique than in the 
closed one, a lower KT value in the open technique than 
in the closed one, a higher CAL value in the closed tech-
nique than in the open one, a higher REC value (based on 
Crown Length difference) in the open technique than in 
the closed.

According to the system of force application, the fol-
lowing outcomes were found: a higher PD using elas-
tic auxiliaries than metallic ones, a smaller amount of 
KT using elastic auxiliaries than using metal, a higher 
PI using elastic auxiliaries than using metal auxiliaries, 
a higher REC using metal auxiliaries than using elastic 
ones, a higher CAL using elastic auxiliaries than using 
metal auxiliaries.

Based on the timing of the results evaluation, the fol-
lowing results were found: a higher PD for evaluations 
made within 2 years of the end of the orthodontic treat-
ment when compared to those made after 2 years, a lower 

Table 4 Risk of bias for non randomized trials

Authors Confounding 
bias

Selection of 
participants 
bias

Measurement 
of 
interventions 
bias

Departures 
from 
intended 
interventions 
bias

Missing data 
bias

Measurements 
of outcomes 
bias

Selection of 
the reported 
results Bias

overall bias

Hansson and 
Rindler [27]

Serious Low Serious Low Moderate Moderate Low Serious

Mummolo 
et al. [10]

Serious Low Moderate Low Low Moderate Low Moderate

Bollero et al. 
[22]

Serious Serious Serious Low Serious Moderate Low Serious

Caprioglio 
et al. [23]

Serious Low Moderate Low Moderate Moderate Low Moderate

Evren et al. [24] Serious Moderate Serious Low Serious Serious Low Serious

Zasciurinskiene 
et al. [25]

Serious Moderate Moderate Low Low Low Low Moderate

Crescini et al. 
[26]

Serious Low Serious Low Low Serious Low Serious

Zafarmand and 
Gholami [20]

Serious Serious Moderate Low Moderate Moderate Low Moderate

Szarmach et al. 
[21]

Serious Moderate Moderate Low Serious Serious Low Serious
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amount of KT for evaluations made within 2 years than 
for those made after 2 years, a higher REC for evaluations 
made within 2  years than for those made after 2  years, 
a higher CALs for evaluations made within 2 years than 
those evaluated after 2 years.

Discussion
Summary of evidence
This study included a total of 280 treated palatal impacted 
maxillary permanent canines. Regarding the compari-
son between open and closed technique, the qualitative 
assessment of the periodontal outcomes showed overall 
better results using a closed technique; this is in accord-
ance with some results of Wisth et al. [28], who reported 
better results for closed technique in terms of PD and 

CAL, but unfortunately this study was retrospective with 
a high risk of bias. The better results of the closed tech-
nique could be due to the following factors: better pres-
ervation of the CEJ, better soft tissue healing, less plaque 
accumulation and better post-operative comfort [29, 30].

Diversely, the results found are in contrast with previ-
ous studies where no differences were found when com-
paring these two surgical techniques [12, 18, 19, 31]; 
furthermore, even if there were differences in periodontal 
indices, these were not significant.

There is a lack of literature regarding the system of 
force application. In fact, in the included articles there are 
no comparative studies regarding the use of either elas-
tic or metallic auxiliaries. Therefore, the analyses done 
in this study are based on comparisons made between 

Fig. 1 Study selection flowchart
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different studies. This study compares elastic and metallic 
auxiliaries and shows how the use of metallic auxiliaries 
gives better periodontal results, independently from the 
surgical technique used. It is probably associated with 
the lower quantity of plaque accumulation using metallic 
auxiliaries as the lower PI mean value of this study con-
firms, in accordance with other studies [32, 33].

Regarding how the timing of results’ evaluation affects 
results, the present study shows better results after a 
minimum of a two-year period after the end of treat-
ment, independent of the type of surgical technique used. 
The retrospective study of Crescini et  al. [26] analyzed 
the results at the baseline (at the end of the treatment) 
and after a three-year period and they found that there 
are no relevant differences in periodontal status except 
for the average PD value which decreased over time. 
However, this study has a high risk of bias; furthermore 
it evaluated both palatal and buccal impacted canines 
(multiple comparisons that increase test sensitivity) and 
it is a retrospective study which has lower scientific evi-
dence compared to the systematic review [34]. The fact 
that periodontal indices are better after a 2-year period 
following the end of the treatment could be associated 
with the physiological regenerative capacity of the tissue, 
as Crescini et al. [26] mentioned in their study, which also 
demonstrated that most of the PD increased values found 
at the baseline, were actually due to pseudo-pockets.

Limitations
This systematic review has the following limitations:

• There was no differential assessment based on the 
age of the participants

• There is high heterogeneity of the results
• The samples size is quite limited in certain studies

In addition, an important limitation is that in the closed 
technique, the type and the extension of the flap was not 
accurately evaluated, and an assessment of the instrumen-
tation used for the open technique was not carried out.

Another limit is that the auxiliaries used for the force 
application system were assessed based only on the type of 
material (elastic or metallic) and not on a specific type of 
auxiliary which can affect the periodontal and dental results.

Conclusion

1. Periodontal results, excluding the CAL results, were 
found to be better with the closed technique rather 
than with open technique.

2. Metallic-auxiliaries offer a better post-treatment per-
iodontal condition.

3. Results evaluation timing influences the outcomes. 
Specifically, outcomes evaluated at least 2 years after 
the end of the overall orthodontic treatment are bet-
ter than the outcomes evaluated up to 2 years post-
treatment.

Finally, more high-quality studies should be per-
formed in the future to enable stronger evidence. In 
the future it would be also interesting to investigate 
how skeletal anchorage, associated with both open and 
closed technique, affect periodontal indices of palatal 
impacted canines.
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