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The aim was to determine whether there is a difference in the periodontal aspect (gingival recession,
probing pocket depth) of the palatally displaced canine (PDC) compared to the contralateral canine. Also,
from a surgical perspective, sought to determine whether there is a difference (surgical duration, postop-
erative pain) between the surgical techniques. The word combinations were adapted for each electronic
database: PubMed, LILACS, Scopus, Web of Science, Cochrane Library and gray literature. Studies that
met the following criteria were considered eligible: (P) Patients who received orthodontic-surgical treat-
ment for correction of PDC; (I) Performing orthodontic-surgical treatment for traction of the PDC; (C)
Comparison of the tractioned canine with its contralateral or between the two techniques; (O) Gingival
recession, probing pocket depth, postoperative complications and surgical duration; (S) Randomized and
nonrandomized clinical studies or observational studies. The overall prevalence of gingival recession was
estimated to be 10.53% [95% CI, 3.87% - 25.59%; 12 = 88%]. No statistically significant difference (p >0.05)
was found between the means of the variables gingival recession, probing pocket depth and surgical
duration. The evidence suggests that traction of palatally displaced canines can be considered a reliable
and acceptable procedure.

© 2020 The Authors. Published by Elsevier Ltd on behalf of The Japanese Association for Dental
Science. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Canines are of great importance in establishing and maintaining
the shape, aesthetics and function of the dental arch. [1] After the
third molars, they are the teeth that are most affected by impaction,
reaching about 2% of the population [2,3]. They are more common
in the maxilla [4-6] with a unilateral tendency [7] and in most
cases located in the palatal region [8]. Numerous factors can cause
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impaction of the upper canine, but the exact etiology is not known
[1].

The diagnosis of impaction is performed through clinical and
radiographic examinations, in addition to determining the location,
for correct planning and conduct of the treatment to be performed.
[9,10] The prognosis of treatment depends on the position, angula-
tion of the canine inrelation to the adjacent teeth and the possibility
of the presence of ankylosis [8]. Various treatment alternatives are
considered, such as extraction of the canine and movement of the
premolars to the position of the same; auto transplantation; pros-
thetic rehabilitation to obtain occlusal harmony or association of a
surgical technique with orthodontic treatment to move the tooth
to the line of occlusion [8,11,12].

Orthodontic-surgical treatment is commonly used to correct the
palatally displaced canines (PDC), which can be performed using
the open or closed surgical exposure method. The open technique
involves lifting the flap and removing the bone and mucosa, where
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after removing the surgical pack, the spontaneous eruption of the
toothis expected. Once it has erupted sufficiently for an orthodontic
accessory to be glued, its alignment above the mucosa is initiated.
[13] The closed technique, on the other hand, involves elevation
of the flap, limited bone removal and accessory bonding to the
exposed crown with the palatine mucosa superimposed, allowing
the alignment of the tooth below it [14]. However, regardless of the
technique used, the treatment of PDC can lead to a variable amount
of periodontal damage [15,16].

Researchers point out advantages and disadvantages of the tech-
niques, and the choice between them is somewhat controversial.
[17-22] In 2018, Sampaziotis et al. [23] published the most recent
systematic review on the subject and concluded that there is no
difference between the open and closed technique in relation to
periodontal and aesthetic aspects, with the shortest time of surgery
in the PDC group exposed by the open technique, however, the con-
clusion of this review was based only on qualitative analysis, and
quantification was not performed through meta-analysis. In addi-
tion, a comparison was made only of the PDCs exposed between
the different techniques, with no comparison between the PDCs
exposed in relation to their untractioned contralateral with normal
eruption. Therefore, in order to update the cumulative knowledge
on the subject, enable a quantitative analysis and perform a com-
parison of the tractioned teeth with the contralateral canine with
normal eruption, a new systematic review is justified.

Thus, the objective of this meta-analysis was to determine
whether there is a difference in the periodontal aspect (gingival
recession, probing pocket depth) of the PDC compared to the con-
tralateral canine with normal eruption. Also, the analysis sought to
determine, from a surgical perspective, whether there is a differ-
ence (surgical duration, postoperative pain) between the open and
closed technique.

2. Material and methods
2.1. Protocol and registration

This systematic review was conducted and reported using the
guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-analysis checklist (PRISMA) [24], and was registered
in the International Prospective Register of Systematic Reviews
(PROSPERO).

2.2. Eligibility criteria

Studies that met the following criteria using the acronym
“PICOS” were considered to be eligible for this systematic review:

Population (P): Patients who received orthodontic-surgical
treatment for traction and correction of the PDC.

Intervention (I): Orthodontic-surgical treatment for traction of
the PDC.

Comparison (C): Contralateral tooth with normal eruption or
between different tractioned PDCs (comparison between different
surgical exposure techniques).

Outcomes (0): Primary outcomes - Gingival recession (measured
clinically from the visible cement enamel junction to the gingi-
val margin on the buccal midpoint of the crown) and probing
pocket depth (measured at six points with a millimeter-periodontal
probe: DB - distobuccal; MidB - midbuccal; MB — mesiobuccal; DL
- distolingual; MidL - midlingual; ML — mesiolingual); Secondary
outcomes - Discomfort and postoperative pain assessed using post-
operative questionnaires, and surgical duration (in minutes from
incision to last suture).

Types of studies (S): Randomized and nonrandomized clini-
cal studies or cohort, case-control, cross-sectional studies were
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included. There was no restriction when age, malocclusion,
orthodontic mechanics were used for traction, publication time or
language.

2.3. Inclusion criteria

Studies were included in which the sample consisted of patients
who had PDC and were treated through orthodontic-surgical
treatment for the traction of the impacted tooth, which may
have been performed using the open or closed surgical tech-
nique. The studies must have compared the tractioned teeth
with the contralateral tooth (untractioned and with normal erup-
tion), or, performed the comparison between the open and closed
surgical technique (between different tractioned PDCs) in the
same study. The studies should have evaluated the outcome of
interest and have an analytical design (interventional or observa-
tional).

2.4. Exclusion criteria
The following exclusion criteria were applied:

1) Animal studies;

2) Studies that included participants with craniofacial deformity or
syndromic individuals;

3) Studies that did not compare the open and closed surgical tech-
nique or that did not have separate statistical data for the open or
closed surgical technique compared to the contralateral tooth;

4) Studies that did not evaluate the PDC or that did not have sepa-
rate statistical data for PDC;

5) Studies that evaluated another impacted tooth, where there
were no separate statistical data for the canine;

6) Studies in which there was no assessment of the outcomes of
interest;

7) Studies with incomplete or missing data;

8) Studies that did not use fixed orthodontic appliance for traction
of the impacted canine;

9) Reviews, letters, conference summaries, personal opinions or
case reports;

2.5. Information sources and search strategy

The word combinations and the appropriate truncation were
adapted for each electronic database, and the following databases
were used: PubMed, LILACS, Scopus, Web of Science and CENTRAL
of the Cochrane Library (Appendix A). Gray literature searches were
also carried out using Google Scholar, Open Gray and Proquest. After
searching the electronic databases, a manual search of the refer-
ences of the included studies was carried out to avoid the risk of
not including any relevant study. References have been managed,
and duplicates have been removed using the EndNote® X7 refer-
ence manager (Thomson Reuters, Philadelphia, PA). The searches
were carried out on 20 July 2018 and were updated on 11 February
2020.

2.6. Study selection

The selection of studies was carried out in two phases. In the
first phase, the titles and abstracts of all electronic databases were
selected by two independent reviewers. All articles that did not
appear to meet the inclusion criteria were excluded at this stage.
In phase 2, the entire text was read in full, and the same eligibil-
ity criteria were applied by the same reviewers. Disagreements
or dissimilar results between the two reviewers in phase 1 and
2 were resolved by discussion until a mutual agreement between
the two reviewers was reached, and if there was no consensus, a
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third reviewer was consulted for final decision making. The final
selection was based solely on the evaluation of the full text of the
studies.

2.7. Data items and data collection process

Two reviewers independently selected and extracted data from
the included articles and compared the information extracted. Any
disagreement regarding an item of data was discussed between
them and the third reviewer, and, if necessary, an expert was con-
sulted to make the final decision. The following data were extracted
from the included articles: author; publication year; country; study
objective, sample characteristics (sample size, age, sex, type of sur-
gical exposure); study design, results and conclusion. In cases of
missing or incomplete data in the article, three attempts were
made to contact the authors to obtain this unpublished informa-
tion.

2.8. Risk of Bias in individual studies

For the evaluation of the possible risk of methodological bias for
interventional studies, the “Cochrane Collaboration tool for assess-
ing the risk of bias” was used. This tool covers sequence generation,
allocation concealment, blinding, incomplete outcome data (e.g.
dropouts and withdrawals) and selective outcome reporting. For
each domain in the tool, the procedures undertaken for each study
were described, including the use of verbatim quotes. A judgement
as to the possible risk of bias on each of the six domains was made
from the extracted information and rated as ‘high risk’ or ‘low risk’.
If there was insufficient detail reported in the study, the study was
judged as ‘unclear’, and the original study investigators were con-
tacted for more information.

The methodology of the selected observational studies was
assessed using the Meta-Analysis of Statistics Assessment and
Review Instrument (Mastari) bias risk tool. [25] The risk of bias
was categorized as “high” when the study had a “yes” score of less
than 49%; “moderate” when the study had between 50%-69% of
“yes” scores; and “low” when the study had more than 70% of “yes”
scores for bias risk questions.

These judgments were made independently by two reviewers.
The disagreements were resolved first by discussion and then by
consulting a third author for arbitration.

2.9. Synthesis of results

The prevalence estimates for the gingival recession variable
were synthesized through a meta-analytical analysis with a ran-
domized effect model with the inverse variance method and
the DerSimonian and Laird estimator [26], with the heterogene-
ity being assessed using the inconsistency index (I12) [27]. The
Freeman-Tukey double arcsine transformation method was used
so that the data followed an approximately normal distribution
[28]. 95% confidence intervals (95% CI) were used, calculated by
the Clopper-Pearson method. The analyses and the forest plot were
performed using the Rstudio statistical software version 1.2.1335
(Rstudio Inc, Boston, USA).

The estimate of the summary effect for the variables of probing
pocket depth, surgical duration and gingival recession were calcu-
lated using the weighted difference of means (MD) between the
two comparison groups. The calculation of heterogeneity was per-
formed using the 12 index. [29] I? values greater than 50% were
considered an indicator of substantial heterogeneity between the
studies, suggesting the need for random effect analysis models; on
the other hand, for values less than 50%, fixed model analysis were
used. The forest plot for these variables were generated with the
software Review Manager 5.3 (RevMan 5.3, Copenhagen, Denmark)
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[29]. The level of significance for all assessments was set at 5% and
for a better assessment of heterogeneity, the analyses were divided
into subgroups.

2.10. Risk of bias across studies

The Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) [30] system was used to evaluate the qual-
ity of evidence. Risk of bias, inconsistency, indirectness, imprecision
and publication bias were evaluated by two authors, and the qual-
ity of evidence was classified into four levels: high, moderate, low
and very low.

3. Results
3.1. Studies selection

The final electronic search of the databases revealed 1854
records, and after removing the duplicates, 1615 records remained.
A comprehensive evaluation of the titles and abstracts (phase 1)
was carried out, and 1592 articles were excluded, resulting in a
final number of 32 articles. The search in the gray literature was car-
ried out in Google Scholar, Open Gray and Proquest, identifying 642
studies; however, no study was selected. A manual search was per-
formed on the references of the 32 articles selected for phase 2, and
an additional study was identified. Thus, 33 articles were selected
to read the full text (phase 2), and nineteen of these were excluded
(Appendix B). Thus, 14 studies remained and were included in the
qualitative synthesis (Fig. 1). Kappa coefficient of agreement index
was > 0.8, indicating excellent agreement between the reviewers.

3.2. Study characteristics

The countries of origin of the included studies were Italy, Jordan,
Lithuania, Norway, Sweden and United Kingdom.

The sample size ranged from 9 [31] to 293 [31] PDCs. The total
sample of all included studies was composed of 68.7% women and
31.3% men, and of the total of included studies, two did not report
the gender of the sample [32,33], and some studies were composed
of the same sample [34-37] evaluating different outcomes, so these
samples were only counted once to estimate the proportion.

The 14 studies included were composed of 8 randomized clinical
studies and 6 retrospective cohort studies. The year of publication
ranged from 1976 [33,38] to 2019 [32]. The characteristics of the
studies are available in Table 1.

3.3. Risk of Bias within studies

Of the 8 randomized clinical studies included, 3 studies were
low risk in all domains evaluated [34,35,39], and 5 were low risk in
two of the six domains evaluated (Fig. 2). All included observational
studies had a low risk of bias (Fig. 3).

3.4. Results of individual studies

When comparing the periodontal aspect between the two sur-
gical techniques, no study found statistically significant (p>0.05)
differences between the two techniques for the outcome of gingival
recession [34,37] and probing pocket depth [36].

The level of complications resulting from surgery in the 4-week
postoperative period were similar in both techniques [39]; how-
ever, patients undergoing the open surgical technique reported
greater pain compared to the closed technique group, with a faster
disappearance of severe pain in the group using the closed tech-
nique. [17]. On the other hand, the only article that used a validated
questionnaire for measurement found no difference between the
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Table 1
Summary of descriptive characteristics and outcomes of interest of the included studies (n=14).
Author, year Aim of the study Sample size Age/Sex Study design Outcomes of interest Conclusions
Bjorksved, M., To compare surgery time, 119/ 60CL 13.4+1.46 Interventional/ Surgery time did not differ There were no statistically
etal. 2018 complications and patients’ 590P 75F Randomized significantly between the significant differences
perceptions between closed 44M clinical trial interventions. Complications  regarding surgery time
and open surgical techniques though were more severe in ~ between the groups.
in palatally impacted bilateral cases and the Postoperative complications
maxillary canines. patients experienced more were similar between the
pain and impairment in the groups in unilateral PDCs,
open group. but more common in the
open group in bilateral cases.
More patients in the open
group experienced pain and
impairment compared to the
closed group.
Blair, G. S., The records of 96 25 patiens 10.1-30.2 Observational/ Pocket depth was greater in The results indicate that the
etal, 1998 consecutively treated and 30 22F Retrospective the exposed teeth in technique of surgical
patients, were reviewed after canines/ 3M cohort comparison with exposure and orthodontic
orthodontic alignment of the 30 OP contralateral side. There was  alignment of ectopic
exposed teeth (Open no clinically detectable maxillary canines provides a
technique). The exposed difference in tooth color satisfactory method of
canines, were critically between the exposed teeth treatment.
assessed. And the assessment and the control groups.
involved scoring for clinical Vitality testing demonstrated
impression, mobility, that internal controls had a
gingival condition and significantly lower response
pocketing, oral hygiene, than the exposed canines.
vitality, and radiographic
appearances.
Bollero, P., 14CL 135+14 Observational/
etal, 2017 8F Retrospective
6M cohort
Caprioglio, A., To evaluate and compare the  293CL 13.8+1.2 Observational/ a-Angle and d-distance Radiographic variables as «
etal, 2019 existing correlations Retrospective showed no significant Angle and d-distance seem to
between periodontal health cohort differences in the not influence the periodontal
outcome of palatally periodontal outcome of outcome of the treated
impacted maxillary canines palatally impacted maxillary  impacted canine regardless
and their initial position after treatment. The only of the amount of gravity. On
identified according to the tested variable showing the contrary, S sector might
different rates of impaction significant differences was S,  play a significant role when
severity in adolescent since canines with CE] visible higher rates of gravity are
patients after their exposure at the end of the treatment present suggesting the
(closed technique) and presented sectors with a possibility in few cases for
alignment. mean score of 1.67, which periodontal damage at the
was significantly different end of treatment.
(P<0.05) when compared to
the S-sector for the canines
that showed PD <2 mm at
the end of the treatment.
Caprioglio, A., The aim of the present study ~ 33CL 16.3+3.9 Observational/ The average probing depth The use of a closed-flap
etal, 2013 was to evaluate the 24F Retrospective values showed no significant  surgical technique in
long-term periodontal IM cohort clinical differences. Probing association with a codified
response of palatally depths recorded at the orthodontic traction system
impacted maxillary canines vestibular surface of the (Easy Cuspid) allowed
aligned compared with lateral incisor (P < 0.05) and alignment of palatally
contralateral spontaneously at the midpalatal/midlingual  impacted canines without
erupted teeth. aspect of the first premolar damage to the periodontium.
were statistically significant
in comparison with the
control elements.
Gharaibeh et al, Compare the duration of 32/ 17.3+4.6/ Interventional/ The mean surgical duration The surgical duration was
2008 surgery and the patient’s 16CL 28F Randomized for the open-eruption significantly shorter in the
perception of pain after 160P 4M clinical trial technique was open-eruption exposure.

closed and open surgical
exposure of unilateral
palatally impacted maxillary
canines

30.9 +10.1 min compared
with 37.7 & 8.4 min for the
closed-eruption technique.
This difference was
statistically significant
(p=.006)

On the first postoperative
day, 6 patients (33%) in the
close-eruption group
reported severe pain
compared with 4 patients
(22%) in the open-eruption
group. This difference was
not statistically significant
(p=.123)

Postoperative pain was
similar after open- and
closed-eruption surgical
exposures. However, there
was a faster disappearance of
severe pain among patients
in the closed-eruption
groups.
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Table 1 (Continued)
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Author, year Aim of the study Sample size Age/Sex Study design Outcomes of interest Conclusions
Mummolo, S., This prospective 90P 18.50+1.96 Observational/ No signifcant differences The periodontal status of
etal. 2018 observational study 5F Prospective Cohort ~ were observed in the PIMC PIMC was not affected by
investigated differences in 4aM group. surgical orthodontic
periodontal health treatment with open
parameters between BIMC technique.
and PIMC after surgical
orthodontic treatment with
open technique and
compared the findings with
those from contralateral
physiologically erupted
canines.
Parkin et al, Investigate differences in the 71 /36CL 141+1.6/ Interventional/ When the clinical The exposure and alignment
2013 periodontal outcomes of 350P 52F Randomized periodontal attachment level  of PDC has a small impact on
palatally displaced canines 29M clinical trial values for the unoperated periodontal health. The
exposed with either an open teeth were subtracted from magnitude of this impact is
or a closed surgical the clinical periodontal not influenced by surgical
technique. attachment level values for technique (in terms of open
the operated teeth, the mean vs closed exposure) and is so
difference between open and  small that it is unlikely to
closed groups was just influence the prognosis of a
0.1 mm (open, 0.5 mm, SD, tooth in the long term in
0.8; closed, 0.6 mm, SD, 0.6);  most patients.
this difference was not
statistically (independent t
test, P=0.782). The mean
attachment loss for 3 of 4
sites was found to be
marginally greater in the
closed group compared with
the open group; however,
the difference was not
statistically significant. On
the midbuccal aspect of the
operated canine, in the
closed group, 9 subjects
(31%) had recession of at
least 1 mm (7 subjects had
recession of 1 mm, 2 had
recession of 2 mm). In the
open group, 8 participants
(24%) showed recession of a
least 1 mm (5 had 1 mm, 3
had 2 mm. No significant
difference was found
between the 2 groups
(chi-square test, P=0.774)
Parkin et al, Investigate differences in 71 [ 36CL 14.1+1.6/ Interventional/ The mean operating times for There was no difference in
2012 surgical outcomes (time 350P 52F Randomized the open and closed the operating time between
spent in the operating room 29M clinical trial techniques were the open and closed surgical

and 10-day postoperative
patient questionnaire
findings) between open and
closed exposure for palatally
displaced maxillary canines

168

34.3+11.2min and

34.3 +11.9 min, respectively
(p=0.986)

Six of the nine participants
reporting that pain was still
present after several days
were in the open group.
Three of the four participants
reporting no pain were in the
closed group; however, the
difference in pain duration
between groups was not
significant (p=0.161)

techniques for palatally
displaced maxillary canines.
There were no differences in
any of the patient-reported
outcomes between the 2
surgical procedures.
Although most participants
reported pain, discomfort,
impairment to everyday
activies, and the need for
regular analgesia after
surgical exposure, in most
patients this was of short
duration and subsided after a
few days.
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Author, year Aim of the study Sample size Age/Sex Study design Outcomes of interest Conclusions
Smailiene et al, Evaluate the posttreatment 43/ 15.81+3.04/ Interventional/ The findings of tooth The posttreatment status of
2013 status (Radiological, 21CL 35F Randomized position, inclination, color, the palatally impacted and
periodontal and intraoral 220P 8M clinical trial and shape did not differ the adjacent teeth after the
examination - visual between groups. No surgical-orthodontic
assessment of the color and significant differences in the  treatment did not
shape of the crown, occlusal contacts were found  significantly differ between
inclination, position in the between the groups. The the groups treated with 2
dental arch, function) of measurements of the PPD did  different surgical methods,
palatally impacted canines not significantly differ i.e., the open technique with
treated applying 2 different between the groups. The free eruption (open) and the
surgical methods (open and differences in the gingival closed flap technique
closed) and to compare it recession between groups (closed). Both treatment
with the status of naturally open and closed were not methods can be considered
erupted canines significant. as acceptable for the
treatment of palatally
impacted canines.
Smailiene et al,  Evaluate post-treatment 43/ 15.81+3.04/ Interventional/ Measurements of the PPD did  After surgical-orthodontic
2013 periodontal status of 21CL 35F Randomized not differ significantly treatment of palatally
palatally impacted canines 220P 8M clinical trial between groups open and impacted canines, either by
treated by open or closed closed but differed from open surgery with open or by
technique and compare it those in the contralateral closed technique, there were
with naturally erupted quadrants with normally no significant differences in
canines erupted canines. Differences  post-treatment periodontal
in gingival recession between status of the canines and
groups were nonsignificant. adjacent teeth.
Width of keratinized tissue Both treatment methods are
was greater in the open acceptable for treatment of
technique group, these the palatally impacted
measurements did not differ  canines; even if the mean
significantly from those in time from exposure to
the closed technique group. eruption / extrusion is
Bone support did not differ somewhat shorter in the
significantly. Mean open exposure technique.
orthodontic treatment time Post-treatment PPD and the
was 28.41+4.96 in group level of bone support were
openand 32.19+11.73 not dependent on the
months (p>0.05) in group patients’ age at the start of
closed. treatment, the duration of
treatment, or the initial
horizontal and vertical
localization of impacted
canine.
Wisth, P. J., The aim was to investigate 34/ 173 Interventional/ A comparison of the hygienic  The treated canines
etal. 1976 the periodontal status of 340P 19F Randomized condition and the Gingival displayed significantly more
orthodontically-treated 15M clinical trial Index did not reveal any loss of periodontal support

palatally-impacted maxillary
canines by clinical and
radiographic methods, and to
compare it with the status of
contralateral canines.
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considerable differences
between the experimental
and the control teeth at the
time of examination. A
comparison between pocket
depth loss of attachment,
and distance from the CEJ to
the interdental bone showed
that the pocket on the distal
surface was significantly
deeper in the experimental
group (p<0.05). Both de
buccal and the palatal
surfaces of the experimental
teeth displayed significantly
greater loss attachment than
did the control teeth.

on the buccal and palatal
surfaces than did the
untreated teeth.
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Author, year Aim of the study Sample size Age/Sex Study design Outcomes of interest Conclusions
Wisth, P. J., The purpose was to compare 56/ 340P 15.9 Interventional/ Oral hygiene and gingival It seems likely that the
etal. 1976 the periodontal condition of ~ 22CL Randomized inflammation were moderate surgical procedure
orthodontically corrected clinical trial approximately the same in (closed technique) causes the
impacted maxillary canines both groups. The palatal least periodontal damage.
in two groups (open and pocket was deeper on teeth The mean differences were,
closed techniques) of subjected to moderate however, small. If one desires
patients subjected to surgical exposure, and the to be able to inspect the
different surgical procedures. depth also varied more. The position of the tooth
loss of fiber attachment was  regularly, or to reduce the
not significantly different duration of treatment the
except on the palatal surface, radical surgical exposure
where it was greater after (open technique) can be
radical exposure and also used.
varied more. The interdental
bone height, which was
measured on radiographs,
varied more after radical
than after moderate surgical
exposure.
Zasciurinskiene To evaluate the impact of 32CL 18.2+5.1/ Observational/Cross- A significant increase in A combined surgical
et al., 2008 surgical-orthodontic (closed 22F Sectional pocket depth was found at orthodontic approach in the
technique) treatment and 10M the canine mesiopalatal point treatment of impacted

the initial vertical and
mesiodistal position of
palatally impacted maxillary
canines on the periodontal
health of impacted canines
and adjacent teeth.

after surgical-orthodontic
treatment. Also, a correlation
was found between the
initial mesiodistal and
vertical position of the
impacted canine and the
posttreatment periodontal
status of the impacted
canine, the adjacent lateral
incisor, and the first
premolar.

maxillary canines produces
clinically acceptable
periodontal conditions. The
average increase in pocket
depth was less than 4 mm
and clinically unimportant
for most patients.

Legend: NA =Not applicable; CL=Closed surgery; OP = Open surgery; F=Female; M =Male; PDC = palatally displaced canine; PPD = periodontal pocket depth.

two techniques in any of the patients’ postoperative reports, includ-
ing pain [35].

In teeth operated by the open technique, vitality and periodon-
tal status seem not to have been adversely affected [31,40] when
compared to contralateral teeth. One study reported greater prob-
ing pocket depth in teeth operated by the open technique when
compared to contralateral canines [38].

The evaluation of the probing pocket depth in PDCs and oper-
ated by the closed technique showed differences in results, where
greater pocket depth was found in the mesiolingual region com-
pared to contralateral canines, after the orthodontic treatment was
completed (p<0.05) [41]. However, one study reported that there
was no difference in this aspect in relation to the contralateral
canine [42]. The periodontal conditions of the impacted canine and
adjacent teeth after surgical-orthodontic treatment in the closed
technique seem to depend on the initial vertical and horizontal
position of the impacted canine [43].

3.5. Synthesis of results

Of the total studies included, eleven studies were selected to
perform the meta-analysis. The following outcomes were able to
be quantitatively assessed by meta-analytical analysis: Gingival
recession [32,34,36,43], probing pocket depth [32,36,38,41,43] and
surgical duration [17,35,39].

The combined global prevalence of gingival recession was based
on 430 PDCs, with an estimated 10.53% [95% CI, 3.87 %-25.59 %;
I2=88%] for the assessed outcome (Fig. 4). When comparing the
difference between means of the variable gingival recession, the
meta-analysis did not demonstrate a significant effect (p >0.05)
[MD=0.05; 95% CI, -0.07 — 0.17; 12 = 44%] (Fig. 5).

When comparing the probing pocket depth between the oper-
ated canines and the contralateral canine after the treatment was

completed, there was no difference between the mean depth
between the two groups in any of the evaluated sites (Fig. 6).

For the variable surgical duration, no significant difference was
found between the open and closed techniques [MD = - 3.30; 95%
Cl,-6.77 - 0.17; I2 = 0%] (Fig. 7).

3.6. Risk of bias across studies

The overall quality of the evidence assessed by the GRADE tool

was considered to be low and very low. The main factors respon-
sible for the decrease in the level of evidence were methodological
limitations (lack of randomization, confounding factors inherent
in the included observational studies and individual studies with
little clarity in the methodology for assessing bias), inconsistency
(lack of control over confounding factors such as type of surgery,
age, impacted canine position) and inaccuracy (wide confidence
interval). (Table 2 and 3).

4. Discussion

The present meta-analysis aimed to answer whether there is
a difference in the surgical-periodontal result (gingival recession,
probing pocket depth, surgical duration and postoperative pain)
for PDCs that were exposed and tractioned by open or closed sur-
gical procedures. Based on the individual analysis of the included
studies, both surgical techniques are reliable in relation to their
periodontal surgical results. The meta-analytical analysis, likewise,
demonstrated little impact on teeth submitted to this procedure,
and both techniques seem to be acceptable to be performed.

Aesthetics compromised by gingival recession, in addition to
the discomfort caused by root sensitivity, are common concerns
of patients [44]. Diagnosis of periodontal conditions is essential to
predict or prevent complications during the course of orthodon-
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Table 2

GRADE summary of finding table for Periodontal aspects of the operated canine compared to the contralateral. Evidence level assessment for the following comparisons:

Gingival Recession and Probing pocket depth.

Japanese Dental Science Review 56 (2020) 164-176

Outcomes Anticipated absolute effects* (95% CI) Relative Ne Certainty of the Comments
effect (95% of participants evidence (GRADE)
(@))] (studies)
Risk with Risk with Operated
Unoperated canine
canine
Gingival Recession MD 0.05 higher - 210 (2 RCTs) OO0 VERY LOW The evidence is very uncertain
(0.07 lower to 0.17 ab about the effect of impacted
higher) canine traction on gingival
Recession.

Probing pocket MD 0.08 higher - 296 (6 OO0 VERY LOW The evidence is very uncertain
depth - Canine (0.07 lower to 0.22 observational ¢ about the effect of impacted
(MidB) higher) studies) canine traction on probing

pocket depth - Canine (MidB).

Probing pocket MD 0.22 higher - 228 (5 OO0 VERY LOW The evidence is very uncertain
depth - Canine (0.12 lower to 0.55 observational cd about the effect of impacted
(DB) higher) studies) canine traction on probing

pocket depth - Canine (DB).

Probing pocket MD 0.34 higher - 228 (5 &0O0O0O VERY LOW The evidence is very uncertain
depth - Canine (0.07 lower to 0.76 observational cde about the effect of impacted
(MB) higher) studies) canine traction on probing

pocket depth - Canine (MB).

Probing pocket MD 0.01 lower - 228 (5 ®OO0O VERY LOW The evidence is very uncertain
depth - Canine (0.28 lower to 0.25 observational cd about the effect of impacted
(DL) higher) studies) canine traction on probing

pocket depth - Canine (DL).

Probing pocket MD 0.03 lower - 296 (6 OO0 VERY LOW The evidence is very uncertain
depth - Canine (0.15 lower to 0.1 observational ¢ about the effect of impacted
(MidL) higher) studies) canine traction on probing

pocket depth - Canine (MidL).

Probing pocket MD 0.37 higher - 228 (5 OO0 VERY LOW The evidence is very uncertain
depth - Canine (0.02 lower to 0.76 observational cde about the effect of impacted
(ML) higher) studies) canine traction on probing

pocket depth - Canine (ML).
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% CI). CI: Confidence interval; MD: Mean difference
GRADE Working Group grades of evidence High certainty: We are very confident that the true effect lies close to that of the estimate of the effect Moderate certainty:
We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect Very low
certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

2 The study by Smailiene et al. did not make clear some points of their assessment of risk of bias. Due to its weight in the analysis, it was classified as a serious risk of bias.
b Few studies were included in the analysis; therefore, the analysis is not robust.

¢ The analysis was composed mostly of observational studies.

d Statistical heterogeneity across studies (12 between 50-80 %).

¢ Wide confidence interval.

Table 3
GRADE summary of finding table for surgery time of the operated canine comparing open and closed technique.
Outcomes Anticipated absolute effects* (95% CI) Relative effect ~ Ne Certainty of the Comments
(95% CI) of participants evidence (GRADE)
(studies)
Risk with Closed Risk with Open
Technique technique
Surgery Time MD 3.3 lower (6.77 - 197 (3 RCTs) a0 LOW=P The evidence suggests

lower to 0.17 higher) that open technique
results in little to no
difference in surgery
Time.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI). CI: Confidence interval; MD: Mean difference

GRADE Working Group grades of evidence High certainty: We are very confident that the true effect lies close to that of the estimate of the effect Moderate
certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

2 The study by Gharaibeh et al, did not make clear some points of their assessment of risk of bias.
b Few studies were included in the analysis; therefore, the analysis is not robust.



C.M.deAraujoetal.

Japanese Dental Science Review 56 (2020) 164-176

Scopus LILACS PubMed Cochrane Web of Science
(n=1210) (n=19) (n=543) (n=15) (n=67)
=1
g v v v v
=
®
o Records identified through first database searching
= (n=1854)
£
g v
E Google Open ProQuest
Scholar Grey (n=508) Records after duplicates removed
(n=126) (n=8) (n=1615)
— v
Records screened and potentially useful
(n=32)
v v v
%ﬁ [ Grey Literature (n=0)
— I—P
=
o
= Experts Experts
=) - -
7] (n=0) (n=0)
Updated search Updated search
(n=0) (n=0)
Reference lists Reference lists
(n=0) (n=1)
-/
v
S
Full-text articles assessed for eligibility
(n=33)
/ Full articles excluded (n=19) due to: \
> 1) Studies in animals
= 2) Studies including participants with craniofacial
— deformity or syndromic subjects;
._-E 3) Studies that did not compare open and closed surgical
o0 technique or that do not have separate statistical data for
= open or closed surgical technique; (n = 3)
= 4) Studies that have not evaluated the displaced palatine
canine, or that do not have separate statistical data for
palatine displaced canines; (n = 9)
5) Studies that evaluated another impacted tooth, where
o there is no separate statistical data for the canine; (n = 1)
id 6) Studies in which there were no evaluation of primary
and/or different n=2)
7) Studies in which data were incomplete; (n = 3)
8) Studies that did not use an orthodontic device for

~— traction of the impacted canine; (n = 1)

— 9)Reviews, letters, conference abstracts, personal
opinions, case reports; or non-randomized controlled
trials;

v k /

= s . - .
7] Studies included in qualitative synthesis
'g (n=14)
—
[=}
=
- v

Studies included in quantitative synthesis

(n=11
(Gingival recession n = 5 / Periodontal Probing Depth n = 6 / Surgery Time n = 3)
Adapted from PRISMA

Fig. 1. Flowchart of search criteria and literature selection.

tic treatment [45]. The overall proportion presented by the present
meta-analysis, based on 430 impacted canines, showed an estimate
of 10.53% [95% CI, 3.87% - 25.59%; 12 = 88%] for the presence of gin-
gival recession in these post-traction teeth. Parkin et al. [34] found
20 cases of recession for a total of 62 operated canines (32.26%).
On the other hand, Caprioglio et al. [32] found 6 cases for a sample
of 293 operated canines (2.05%). These differences may occur due
to confounding factors intrinsic to this evaluation, such as the cho-
sen study model (observational studies have less control over these
factors), post-orthodontic evaluation time, age, surgical technique
for exposure of the impacted canine and its position. In addition,
these data must be viewed with caution, as the study models of the
articles included are not the best for assessing the prevalence of this
variable. Despite these limitations, the meta-analytical method can
be useful to obtain a more accurate estimate of the frequency of the
disease, such as incidence rates and prevalence ratios [28]. How-
ever, despite the proportion estimate, with the scientific evidence
available to date, it cannot be said that PDCs have a higher average

of gingival recession (p >0.05) [MD =0.05; 95% CI, -0.07 - 0.17 I2 =
44%].

The choice of the method to be performed for surgical exposure
of PDCis based on the prognosis in relation to the periodontal tissue
that surrounds the tooth to be tractioned; thus, the orthodontic-
surgical procedure must simulate the natural process of dental
eruption [37]. When comparing the probing pocket depth between
operated canines compared to the contralateral canine after an
orthodontic treatment is completed, Caprioglio et al. [42] found no
significant difference (p>0.05) in any evaluated site. On the other
hand, Smailiene et al. [37], found a significant difference (p <0.05)
for this outcome; however the authors did not consider a clini-
cally important difference, as it did not exceed 3 mm. The overall
effect presented by the present meta-analytical synthesis for the
probing pocket depth outcome was not significant (p>0.05) for
all evaluated sites, thus demonstrating that there is no difference
in this outcome between operated canines when compared to its
contralateral.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 25% 50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias

Bl High risk of bias

Fig. 2. Cochrane’s tool to assessed risk of bias in randomized controlled trials. Green indicates a low risk of bias, yellow indicates an unclear risk of bias, and red indicates a

high risk of bias. a) Risk of bias summary; b) Graph.

The outcome surgical duration was the only one capable of
quantitative analysis comparing the two techniques for exposure
of the impacted canine, and the analysis of the results showed that
there was no difference for this outcome between the two tech-
niques [MD = -3.30; 95% CI, -6.77 - 0.17; I? = 0%]. In this same
sense, Parkin et al. [35] and Bjorksved et al. [39] found no dif-
ference in the surgical duration between the two techniques. On
the other hand, Gharaibeh and Al-Nimri [17] reported shorter sur-
gical durations for the open technique; however, items such as
concealment of participants and staff (performance bias), alloca-
tion concealment (selection bias), generation of random sequence
(selection bias) and concealment of the results evaluation (bias
detection) were not clear in this study. In addition, confound-
ing factors such as the position of the canine to be exposed and
the surgeon’s experience can influence the results. Despite this,
no heterogeneity was detected in the results of the meta-analysis
(12 =0%).

Heterogeneity was assessed in all analyses using the inconsis-
tency index [27]. Based on this, for the meta-analytical analysis, we
chose to use a randomized effect model for the outcomes: preva-
lence of gingival recession (12 =85%) and probing pocket depth (DB
—-12=61%; MB - 12=76%; DL - I2 = 53%; ML - I2 = 79%), thus incorpo-
rating the influence of the heterogeneity verified in the weighting
of the estimate of the effect. The limitations regarding the differ-
ences between the surgical technique, sample size of the included

studies, in addition to the chosen study model, may be responsible
for the heterogeneity presented in these analyses.

The results of this systematic review and meta-analysis show
important data in relation to the surgical, periodontal and
orthodontic aspects of PDCs, demonstrating the current stage
of knowledge on the subject. These data are important to the
orthodontist, surgeon and periodontist, facilitating communication
with the patient regarding the predictability of the technique and
stipulating the risks based on the current literature on the sub-
ject. However, some limitations should be pointed out, such as the
number of included studies, the sample size of the included studies
and the uncontrolled confounding factors in part of the included
studies (observational studies). GRADE’s evaluation shows that the
quality of the evidence available on the subject is still low (sur-
gical duration) and very low (probing pocket depth and gingival
recession). Thus, the present study highlights the need for more
prospective, multicenter, randomized clinical studies that are well
conducted methodologically in order to make the analysis more
robust.

5. Conclusion

The traction of PDCs can be considered a reliable and accept-
able procedure, as there are no differences in relation to the
periodontal aspect (recession, probing depth), and there are no
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Fig. 3. Cohort studies assessed using Meta-Analysis of Statistics Assessment and Review Instrument (Mastari) critical appraisal tools. Green indicates a low risk of bias, yellow
indicates an unclear risk of bias, and red indicates a high risk of bias. a) Risk of bias summary; b) Graph.

Study Events Total Proportion 95%-Cl
Smailiene, D., et al. (2013)a 1022 - 0.0455 [0.0012; 0.2284]

Parkin, N., et al. (2013) 12 33 e 0.3636 [0.2040; 0.5488]

Smailiene, D., et al. (2013)b 21 = 0.0476 [0.0012; 0.2382]

1
Parkin, N., et al. (2013) 8 29 — 0.2759 [0.1273; 0.4724]
Caprioglio, A., et al. (2019) 6 293 : 0.0205 [0.0076; 0.0440]
Zasciurinskiene, E., et al. (2008) 6 32 — 0.1875 [0.0721; 0.3644]
Heterogeneity: /° = 84%, 1 2882, p < 0.01 :

Random effects model 430 < 0.1053 [0.0387; 0.2559]
Heterogeneity: /1% = 85%, 1° = 1.4215, p < 0.01

Residual heterogeneity: /2 = 88%, p < 0.01 -04 -02 O 02 04

Fig. 4. Forest plot of the prevalence of canine gingival recession after orthodontic-surgical treatment.

differences regarding the time of surgery between the two sur- Funding
gical techniques. The available evidence is still uncertain to
say whether the postoperative complications resulting from the This research did not receive any specific grant from funding

surgery differ between the two techniques, so further studies agencies in the public, commercial, or not-for-profit sectors. There-
should be performed to enable a quantitative analysis of the are no study sponsors involved with the study.
data.
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Operated Unoperated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.9.1 Closed technique
Smailiene et al., 2013 0.1 0.45 21 013 0.35 21 23.7% -0.03[-0.27,0.21] -
Subtotal (95% CI) 21 21 23.7% -0.03 [-0.27, 0.21] ‘
Heterogeneity: Not applicable
Test for overall effect: Z=0.24 (P = 0.81)
1.9.2 Open technique
Smailiene et al., 2013 0.09 0.29 22 013 0.35 22 39.0% -0.04[-0.23,0.15] i
Subtotal (95% Cl) 22 22 39.0% -0.04[-0.23,0.15]
Heterogeneity: Not applicable
Test for overall effect: Z=0.41 (P = 0.68)
1.9.3 Open/Closed technique
Parkin et al., 2013 04 06 62 02 05 62 37.3% 0.20[0.01,0.39]
Subtotal (95% CI) 62 62 37.3% 0.20[0.01, 0.39]

Heterogeneity: Not applicable
Test for overall effect: Z =2.02 (P = 0.04)

Total (95% Cl) 105
Heterogeneity: Chi? = 3.56, df = 2 (P = 0.17); I = 44%

105 100.0%

0.05 [0.07, 0.17]

Test for overall effect: Z = 0.86 (P = 0.39)

Test for subaroup differences: Chi? = 3.56, df = 2 (P = 0.17), I* = 43.9%

-05

0.5 1

0
Favours [operated] Favours [unoperated]

Fig. 5. Comparison between impacted canine versus contralateral canine, after orthodontic-surgical treatment, for the outcome of gingival recession.
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Fig. 6. Comparison between the impacted canine versus the contralateral canine, after orthodontic-surgical treatment, for the probing pocket depth outcome: a) distobuccal;
b) midbuccal; c) mesiobuccal; d) distolingual; e) midlingual; f) mesiolingual.
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