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Objective: This systematic review aimed to evaluate periodontal parameters in
orthodontically tractioned teeth compared with the respective non-tractioned
contralateral teeth. Methods: Search strategies were developed for six electronic
databases and gray literature. Random-effects meta-analyses were performed
for the outcomes of interest. Furthermore, the certainty of the evidence
was assessed using the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) tool. Results: Overall, 2,082 articles were
identified, of which 24 were selected for the qualitative synthesis. A significant
difference was observed between the impacted and contralateral teeth (mean
difference [MD] = 0.25; 95% confidence interval [CI] = 0.10–0.40; I2 = 0%)
when the gingival index was evaluated. Additionally, impacted teeth showed a
greater probing depth, with a significant mean difference between the groups
(MD = 0.14; 95% CI = 0.07–0.20; I2 = 6%). Most studies had a low risk of
bias; however, the certainty of the evidence was very low owing to the design
of existing studies. Conclusions: The evidence in the literature indicated that
tractioned teeth might show worsening of periodontal parameters related to
the gingival index and probing depth; however, the evidence remains uncertain
about this outcome. Furthermore, probing depth should be considered regarding
its clinical significance because of the small effect size observed.
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INTRODUCTION
Dental anomalies such as ectopic eruptions can be
observed during the diagnosis of orthodontic patients.1
Notably, the lack of early detection of impacted teeth
can cause severe damage, such as resorption of adjacent
teeth, aesthetic problems, and periodontal changes that
can lead to the loss of dental element.2,3 Some orthodontic mechanisms can be used for spontaneous eruption; however, if this does not occur even after space is
acquired, orthodontic traction can be employed.4 The
function of orthodontic treatment involves aligning the
impacted tooth on the dental arch, reducing potential
periodontal complications, and maintaining the integrity
of supporting tissues.5 This loss of support is associated
with forming periodontal pockets, which can cause gingival recession.6
Dental impaction is a condition that affects between
0.8 and 3.6% of the general population,7,8 and it is estimated that in the age group of 15–19 years, excluding third molars, 1.65% of patients have an impacted
tooth.9 The most recurrent impacted teeth are the third
molars (16.7%), upper canines (2.8%), and lower premolars and upper central incisors (2.6%), which are more
frequent in females.9-13 The principal causes of impactions are related to primary factors, including the degree
of root resorption of the deciduous tooth, trauma to
the tooth germ, changes following an eruption, reduced
space in the dental arch, rotation of the impacted tooth,
and premature closure of the root apexes. Additionally,
secondary factors are associated with the causes of impactions, such as abnormal muscle pressure, vitamin D
deficiency, endocrine disturbances, and fever.6
Periodontal status is an indicator of effectiveness in
the treatment of impacted teeth;14 however, some complications may be observed following treatment, including gingival recession, periodontal disease, gingival inflammation, alveolar bone loss, and/or inserted gingiva.15
The anatomical structure of the soft tissue overlying the
impacted tooth is one of the main factors determining
whether the surgical exposure method will work, as the
orthodontic-surgical treatment should trigger a natural
eruption pattern of the impacted tooth through the gum
inserted.16 The correction of this disorder in the posterior
or anterior teeth is vital for establishing correct occlusion. The development of malocclusion can even generate functional asymmetry during mastication.17 Posterior
teeth are of fundamental importance in crushing the
food bolus; similarly, adequate occlusal contact in the
anterior region is essential for efficient mastication.18
Early detection of impacted teeth can help prevent the
establishment of malocclusion, thus aiding occlusal and
aesthetic functional gain.19 Therefore, it is crucial to understand the behavior of the periodontal support struc-
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tures of impacted teeth after orthodontic traction.
A meta-analysis evaluated periodontal aspects of
probing depth and gingival recession between palatally
impacted and contralateral canines and found no statistical difference.20 However, to date, no systematic review
has been found that addressed periodontal parameters
involving various groups of traction teeth and evaluated
whether there is heterogeneity between the findings according to the group of teeth included in the analysis.
Since teeth other than canines may be affected by impaction, it is justified to conduct a systematic review of
the subject. Therefore, the objective of this systematic
review was to evaluate the periodontal parameters in
orthodontically tractioned teeth when compared with
the respective non-tractioned contralateral teeth.

MATERIALS AND METHODS
This systematic review was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) checklist. 21 The study
protocol was registered on the PROSPERO website (International Prospective Register of Systematic Review,
Center for Reviews and Dissemination University of York,
CRD42020205104).
Eligibility criteria
To consider the eligibility of studies to be included
or excluded from this review, the acronym “PICOS” was
employed to answer the following focused question:
"What are the periodontal parameters in orthodontically
tractioned teeth?"
• Population (P) – Patients with impacted teeth
• Intervention (I) – Orthodontic traction
• Comparison (C) – Teeth with normal eruption (contralateral)
• Outcomes (O): Periodontal parameters (gingival recession, probing depth, plaque index, gingival index,
and width of keratinized mucosa)
• Study design (S): Randomized clinical studies, pseudo-randomized or non-randomized, cross-sectional
observational studies, and cohort or case-control

Inclusion criteria
Studies in which the sample comprised patients undergoing treatment for orthodontic-surgical traction
of impacted teeth regardless of the tooth group were
included. There were no restrictions on the malocclusion
type, sex, or age. The study language or publication
time also had no restrictions.
Additionally, studies that evaluated at least one of the
following periodontal parameters were included: gingival
recession, probing depth, periodontal attachment level,
plaque index, gingival index, gingival bleeding index,
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and width of the keratinized mucosa.
a) Gingival recession: distance between the cementoenamel junction (CEJ) and the gingival margin, where
the gingival margin found apically at the CEJ is positive,
and the gingival margin coronally at the CEJ is negative.
b) Probing depth: periodontal pockets were measured
from the level of the free gingival margin to the bottom
of the pocket.
c) Periodontal attachment level: measurement of the
probing depth and the distance between the gingival
margin and the CEJ. In cases where the gingival recession was present, the clinical attachment level was calculated as follows: clinical attachment level = depth of
periodontal probing + gingival recession.
d) Plaque index: the tooth surfaces were classified
with a score between 0 and 3, according to the method
described by Silness and Löe.22
e) Gingival index: the tooth surfaces were classified
with a score between 0 and 3, similar to the plaque index.22
f) Gingival bleeding index: the presence or absence of
bleeding was checked after periodontal probing using
the method described by Carter and Barnes.23
g) Width of keratinized mucosa: measurement of the
distance between the gingival margin and mucogingival
junction.
Moreover, this study included randomized and nonrandomized controlled clinical trials, cohort, case-control
studies, and cross-sectional studies.

Exclusion criteria
The following exclusion criteria were used:
• Studies on animals or patients with associated syndromes.
• Studies in which tractioned tooth or a tooth with
normal eruption underwent surgical periodontal
treatment.
• Studies in which at least one of the periodontal parameters stated above was not evaluated.
• Reviews, letters, conference abstracts, expert opinions, case reports, and case series.
Information sources and search strategy
Appropriate word combinations and truncations were
selected and modified for each database search. Search
strategies were developed specifically for each of the
following electronic databases: PubMed/Medline, LILACS, Scopus, Web of Science, Embase, and Cochrane
Library. Additionally, a search of grey literature through
Google Scholar, Proquest, and Open Grey was conducted
(Supplementary Table 1).
Finally, a manual search of the references of the included studies was performed, and an expert on the
subject was consulted to verify any possible publications
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on the subject. Duplicated references were managed and
eliminated using the EndNote® software (EndNote® X7;
Thomson Reuters, Philadelphia, PA, USA).
Selection process
Articles were selected in two phases. In phase 1, two
reviewers independently reviewed the titles and abstracts
of all the references, and those that did not meet the
inclusion criteria were excluded. In phase 2, the same reviewers independently read the selected articles. A third
author was involved in the final decision in a case of
disagreement that could not be resolved through discussion between the first and second reviewers.
Furthermore, to ensure blind reading of references
and guarantee independence and confidentiality in both
phases, the Rayyan website (http://rayyan.qcri.org) was
used, where the reviewers were blinded in all evaluations
and a member of the team, who was not involved in the
selection process, served as a moderator.
Data collection process
Two reviewers collected and discussed information
from the included studies. The data collected included
study characteristics (authors' names, year of publication, country, and study design), population characteristics (sample size and age), evaluation characteristics
(composition of control and experimental groups, surgical technique, number of evaluators, parameters of
interest, outcome assessment method, and index used
for assessment), characteristics of the results (results presented relating to the outcome), and the main conclusions.
Additionally, if any data were missing or incomplete,
attempts were made to contact the authors to obtain
pertinent unpublished information. Three attempts were
made to contact the article’s first, corresponding, and
last authors, with a one-week interval between each
attempt. The article was appropriately excluded in the
absence of a response.
Data items
The mean, standard deviation, and sample size values
for each group were extracted from the studies included
in the synthesis when they were available. For the probing depth variable, in the absence of the mean value,
the mean value between the measured sites was calculated when more than one site was measured. In cases
when the standard deviation values were not reported
and there was no description of any measure of variability that would allow its calculation, the value based on
the study with the highest variance within the analysis
was then imputed; thus producing a more conservative
result since it decreased study weight and generated a
broader confidence interval.
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Assessment of risk of bias
The methodology of the selected observational studies
was assessed using the risk of bias tool Meta-Analysis
of Statistics Assessment and Review Instrument (MASTARI). 24 The risk of bias was categorized as “high,”
“moderate,” and “low” when the study had a “yes” score
greater than 49%, between 50% and 69%, and more
than 70%, respectively, for the bias risk questions.
Additionally, the tool “Cochrane Collaboration tool
for assessing the risk of bias” was used for the interventional studies.25 This tool covered seven domains:
random sequence generation, allocation concealment,
blinding of participants and professionals, blinding of
outcome evaluators, incomplete outcomes, selective outcome reporting, and other biased sources. Based on the
information extracted from the study, an assessment of
the potential risk of bias in each of these domains was
made, and they were categorized as either “high risk” or
“low risk” of bias. If insufficient details were reported in
the study, the risk of bias was judged to be “not clear,”
and the authors of the original research were contacted
for more information. These assessments were performed by two independent reviewers. Notably, disagreements were first resolved by discussion, and in the case
of non-consensus, a third reviewer was consulted for the
tie-breaking vote.
Effect measurement
Since the analyzed outcomes were continuous and
presented using the same measurement scale, the difference between means (MD) was determined.
Synthesis method
The studies were weighted using the inverse variance
method and a random-effects meta-analysis approach
using the statistical software RStudio version 1.2.1335
(Rstudio Inc., Boston, MA, USA) and Stata version 16.0
(Stata Corp LLC, College Station, TX, USA) was performed. The DerSimonian–Laird method was used to
estimate the inconsistency index (I2) and the variance
by Tau2 to determine heterogeneity. Additionally, 95%
confidence intervals (95% CI) were generated, with the
significance level set at 5%, and prediction intervals of
95% (95% PI) were calculated to evaluate the influence
of heterogeneity of the analysis on interval estimates.
When extreme effect sizes were observed as a source
of heterogeneity within the analysis, the leave-one-out
method was then performed, recalculating the global
effect estimate k - 1 times, with the respective CI and
I2 values, omitting one study at a time, thus assessing
whether the influence of any study distorted the combined effect estimate.26
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Reporting bias assessment
A graphic evaluation of the existence of publication
bias was performed using a funnel plot and the Egger
test to assess the presence of asymmetry in the funnel.
Additionally, sensitivity analysis was conducted for analyzes that included studies categorized as having a high
risk of bias.
Certainty of evidence
The certainty of the evidence was evaluated using the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) tool27 across all domains of risk
of bias, consistency, openness, accuracy, and publication
bias. The certainty of the evidence was rated as high,
moderate, low, or very low.

RESULTS
Study selection
A search was conducted in the databases through a
complex research strategy, totaling 2,697 articles. Overall, 2,082 articles were selected for the title and abstract
reading after excluding duplicate articles (phase 1). Of
these articles, 54 were selected for full reading (phase
2), of which 30 were excluded (Supplementary Table 2),
resulting in 24 articles to carry out the qualitative synthesis (Figure 1).
Study characteristics
Among the articles included, 23 were published in
English and only one in Portuguese, with the following
countries as sources: Brazil, Belgium, Canada, Korea,
Spain, Israel, Italy, Lithuania, the United Kingdom, Sweden, and Turkey, with the year of publication ranging
from 1978 to 2019.
Furthermore, the sample sizes ranged from 11 to 271
patients, while ages ranged from 11 to 52 years. The
included studies that reported the sex of the samples
showed a predominance of the female sample.
Regarding the study design, 19 articles were classified
as observational because of the absence of manipulation of the exposure factor, of which three longitudinal
studies were a prospective cohort, and 16 were crosssectional. In addition, five clinical trials were included.
Twenty-one articles evaluated specific groups of dental elements treated orthodontically and subjected to
traction. Of these, 18 and three studies assessed the
upper canines and upper incisors, respectively; three articles evaluated the following groups of teeth: maxillary
incisors and canines, mandibular canines and premolars,
canines and second premolars, and maxillary incisors
and canines.
Moreover, regarding the type of surgical technique
used in the articles, 12 and six articles used the closed
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Screening

Identification

Identification of studies via databases and registers

Records identified from:
Scopus (n = 1,469)
Lilacs (n = 127)
PubMed (n = 412)
Cochrane (n = 80)
Web of Science (n = 199)
Embase (n = 410)

Records removed before
screening:
Duplicate records removed
(n = 615)

Reports screened
(n = 2,082)

Records excluded
(n = 2,028)

Reports sought for retrieval
(n = 54)

Reports not retrieved
(n = 0)

Records identified from:
Expert (n = 2)
Citation searching (n = 0)
Search update (May 6, 2021)
(n = 739)
Google Scholar (n = 100)
Open Grey (n = 8)
Proquest (n = 134)

Reports sought for retrieval
(n = 2)

Reports not retrieved
(n = 981)

Reports excluded:
Reports assessed for
eligibility (n = 54)

Included

Identification of studies via other methods

Studies included in review
Studies included in
qualitative synthesis (n = 24)
Studies included in
quantitative synthesis (n = 15)

1) Studies in animals (n = 0)
2) Studies including participants
with craniofacial deformity
or syndromic subjects (n = 0)
3) Studies in which none of the
variables of interest have been
evaluated (n = 7)
4) Reviews, letters, conference
abstracts, personal opinions,
case reports and case series
(n = 23)

Reports assessed for eligibility
(n = 0)

Reports excluded
(n = 2)

Figure 1. Flowchart of literature search and selection criteria.
and the open techniques, respectively, and six articles
compared the closed and open techniques. Supplementary Table 3 presents all characterization data from the
included studies.
Risk of bias
Among the 19 observational studies included, 12 had
a low risk of bias, five articles had a moderate risk of
bias,28-32 and two had a high risk of bias.33,34 Of the 5
interventional studies included, two articles presented
more than 50% of the domains assessed, which were at
high risk or lacking information that would provide adequate judgment (Supplementary Table 4).6,35
Results of individual studies
The probing depth was significantly higher in the
tractioned teeth when considering only the periodontal
parameters of the upper incisors.28,36,37 However, there
was no difference in the gingival and plaque indices
(p > 0.05). Only one study reported higher values for
gingival and plaque indices in the central incisors under
traction.36
Similarly, when considering the maxillary canines,6,14,29-31,33,35,38-43 the pulled teeth showed greater
probing depth14,29,41-44 in at least one face of the tooth.
However, the literature showed divergences in this outcome, with studies indicating no differences observed
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between these teeth when compared to contralateral
ones,38 or that there was only a difference in this variable on the surfaces of teeth adjacent to the canine.6
There was a predominance of non-significant differences between the groups of treated and untreated canines
for plaque, gingival bleeding, and gingival recession parameters. However, only one study showed a significant
difference in plaque and gingival bleeding rates, which
were higher in the treated group.41 Moreover, there was
a discrepancy in the literature regarding the width of keratinized mucosa, of which some studies showed lower
values in treated canines14,30,31,39,41 or even larger,40 and
others showed no difference between groups.14,43
Furthermore, in the studies that evaluated mixed
groups of teeth, there was a predominance among the
included studies regarding the non-statistical significance of periodontal parameters, plaque index, and gingival index,9,32 and the probing depth and gingival recession parameters had higher values in the treated group.32
Synthesis of results
The quantitative synthesis included 15 studies, making evaluating the following outcomes possible: plaque
index, gingival index, keratinized tissue width, and periodontal probing depth.
Dental impaction and plaque index showed no correlation (MD = –0.07; 95% PI = –0.64 to 0.50; I2 = 48%),
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A

Impacted teeth Contralateral teeth
Total Mean SD Total Mean SD

Study
Evren et al.
Evren et al.

41
41

Kohavi et al.

Bollero et al.
Bollero et al.
Kohavi et al.

95% CI Weight

0.77

0.50

15

1.38

0.28

-0.61 [-0.90; -0.32] 14.7%

2014a

28
38
38

30

Quirynen et al.
Chaushu et al.

15

0.80

0.56

15

1.17

0.70

-0.37 [-0.82; 0.08] 10.3%

1984b

23

1.47

1.21

16

1.54

1.24

-0.07 [-0.85; 0.71]

5.2%

2002

21

0.84

1.24

21

0.89

1.21

-0.05 [-0.79; 0.69]

5.6%

2017a

6

0.67

0.52

6

0.67

0.52

0.00 [-0.59; 0.59]

7.7%

2017b

9

0.22

0.44

9

0.22

0.44

0.00 [-0.41; 0.41] 11.5%

1984a

13

1.50

0.68

13

1.44

0.72

0.06 [-0.48; 0.60]

26

0.57

0.48

26

0.44

0.59

0.13 [-0.16; 0.42] 14.6%

32

36

2000
2003
9

Cercadillo-Ibarguren et al. 2011
Becker et al.

MD

15

30

Becker et al.

Mean difference

2014b

29

1983

Random effects model

8.6%

11

0.97

1.24

11

0.84

1.21

0.13 [-0.89; 1.15]

3.4%

15

1.79

0.76

15

1.59

0.75

0.20 [-0.34; 0.74]

8.5%

23

1.68

0.76

23

1.47

0.89

0.21 [-0.27, 0.69]

9.8%

177

(A) (B) (C) (D) (E) (F) (G) (H) (I)

-0.07 [-0.27; 0.14] 100.0%

170

Prediction interval

[-0.64; 0.50]

2

2

Heterogeneity: I = 48%,  = 0.0531, p = 0.04

-1

-0.5
0
0.5
1
Impacted teeth Contralateral teeth

Unclear risk of bias

Low risk of bias

High risk of bias

Risk of bias legends:
(A) Was the study based on a random or pseudorandom sample?
(B) Were the criteria for inclusion in the sample clearly defined?
(C) Were confounding factors identified and strategies to deal with them stated?
(D) Were outcomes assessed using objective criteria?
(E) If comparisons are being made, was there sufficient description of the groups?
(F) Was the follow up carried out over a sufficient time period?
(G) Were the outcomes of people who withdrew described and included in the analysis?
(H) Were the outcomes measured in a reliable way?
(I) Was an appropriate statistical analysis used?

B

Sorted by effect size

Omitting Quirynen et al.
Omitting Becker et al.

28

32

^
^
^

2

1984a

^

. = -0.08 [-0.30-0.15]; I = 0.52%

2

36

^

2

2017b

^

. = -0.07 [-0.30-0.16]; I = 0.53%

2

2017a

^

. = -0.07 [-0.29-0.15]; I = 0.53%

2

1983

^

. = -0.07 [-0.29-0.15]; I = 0.53%

2

1984b

. = -0.07 [-0.29-0.15]; I = 0.53%

^

2

. = -0.09 [-0.31-0.13]; I = 0.50%

Omitting Cercadillo-Ibarguren et al. 2011
Omitting Kohavi et al.

Omitting Chaushu et al.
Omitting Bollero et al.
Omitting Bollero et al.
Omitting Becker et al.
Omitting Kohavi et al.
Omitting Evren et al.
Omitting Evren et al.

38
38
29

30

41
41

2

. = -0.10 [-0.32-0.12]; I = 0.48%

2002
9

30

2

. = -0.10 [-0.32-0.12]; I = 0.44%

2000

. = -0.07 [-0.29-0.14]; I = 0.53%

2003

2014a

. = -0.03 [-0.25-0.19]; I = 0.50%

^

2

2014b

^

2

. = -0.04 [-0.12-0.19]; I = 0.00%
-0.5

0
0.5
Effect size (random-effects model)

Figure 2. Comparison of the plaque index between tractioned teeth and their respective contralateral. A, Forest plot
showing the risk of bias for each included study. B, Influence analysis. The letters 'a, b' were placed when more than one
estimate was extracted from the same study.
SD, standard deviation; MD, mean difference; CI, confidence interval.
and no difference was observed in the plaque index
between the impacted teeth and the contralateral teeth
(Figure 2A). Additionally, through the influence analysis, it was possible to verify that the study by Evren et
al.41 was responsible for the observed heterogeneity (I2
= 48%); however, even after excluding this study from
the analysis, the values remained without significance
(p > 0.05) (Figure 2B), indicating the robustness of the
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analysis.
Furthermore, a significant difference was observed
between the impacted and contralateral teeth (MD =
0.25; 95% CI = 0.10 to 0.40; I2 = 0%) when evaluating
the gingival index. There was no heterogeneity between
the observed effect sizes, demonstrating similar values
regardless of the tooth type (p = 0.58; Tau2 = 0.00) even
when more than one group of teeth was subjected to
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impacted teeth and the respective contralateral teeth
(Figure 5). Subgroup analysis was performed to assess
the heterogeneity; however, the type of teeth was not
a predictive factor that explained the heterogeneity between the observed effects.

the traction procedure. Thus, impacted teeth had higher
gingival index scores than contralateral teeth, which denotes a worse gingival condition (Figure 3). The analysis
showed robustness with a narrow prediction interval
(95% PI = 0.08 to 0.42), even with the inclusion of
studies that examined different groups of teeth, demonstrating that this was not a confounding factor capable
of altering the effect size.
Similarly impacted teeth showed greater probing
depth, with a significant mean difference between the
groups (MD = 0.14; 95% CI = 0.08 to 0.20; I2 = 2%),
when the periodontal probing depth was evaluated.
Likewise, the variance between the effects was close to
zero, with no significant heterogeneity, regardless of the
type of teeth included in the analysis (p = 0.43; Tau2 =
0.00) and with a narrow prediction range (Figure 4). One
of the articles included in the analysis presented a high
risk of bias; however, even after the sensitivity analysis
with the exclusion of this article, the estimates remained
close (MD = 0.16; 95% PI = 0.09 to 0.23; I2 = 0%).
Additionally, the evaluation of the width of the keratinized tissue revealed no significant difference between
the two groups (MD = 0.23; 95% CI = –0.21 to 0.66;
I2 = 70%), with no difference between the width of the

Impacted teeth Contralateral teeth
Total Mean SD Total Mean SD

Study
Bollero et al.
Bollero et al.
Kohavi et al.

38
38

30

Becker et al.

29

2017a

41

Chaushu et al.
Evren et al.

41

Kohavi et al.

0.50

0.55

Mean difference

MD

95% CI Weight

-0.17 [-0.78; 0.44]

0.33

0.50

9

0.33

0.50

0.00 [-0.46; 0.46] 10.1%

1.23

0.75

13

1.19

0.89

0.04 [-0.59; 0.67]

5.4%

1983

21

1.43

1.19

21

1.35

0.94

0.08 [-0.57; 0.73]

5.1%

15

1.13

0.48

15

1.00

0.75

0.13 [-0.32; 0.58] 10.7%

15

0.45

0.61

15

0.22

0.39

0.23 [-0.14; 0.60] 16.1%

23

1.19

0.66

23

0.89

0.70

0.30 [-0.09; 0.69] 14.0%

11

1.32

1.19

11

0.98

0.94

0.34 [-0.56; 1.24]

15

0.70

0.44

15

0.20

0.37

0.50

16

1.44

1.19

23

0.89

0.94

0.55 [-0.15; 1.25]

2002
36

2003

1984b

Random effects model

144

2.7%

[0.21; 0.79] 25.6%
4.4%

0.25 [0.10; 0.40] 100.0%

151

Prediction interval
2

(A) (B) (C) (D) (E) (F) (G) (H) (I)

5.9%

9

2014b

30

6

13

2014a

28

0.52

2017b

9

Becker et al.

0.33

Certainty of evidence
Since most of the included studies were crosssectional, the certainty of the evidence was reduced,
with low evidence for the following outcomes: plaque
index, gingival index, and probing depth. Furthermore,
the heterogeneity in assessing the width of keratinized
tissue persisted even after the subgroup analysis. Therefore, reducing the certainty of the evidence regarding
its imprecision is considered a very low level of evidence
certainty (Supplementary Table 5).
Supplementary data is available at https://doi.
org/10.4041/kjod.22.123.

1984a

Cercadillo-Ibarguren et al. 2011
Evren et al.

6

Reporting biases
There was no significance ( p > 0.05) when funnel
asymmetry was evaluated using the Egger test, indicating the absence of publication bias (Supplementary Figure 1).

[0.08; 0.42]
2

Heterogeneity: I = 0%,  = 0, p = 0.58

-1

-0.5
0
0.5
1
Impacted teeth Contralateral teeth

Low risk of bias

Unclear risk of bias

High risk of bias

Risk of bias legends:
(A) Was the study based on a random or pseudorandom sample?
(B) Were the criteria for inclusion in the sample clearly defined?
(C) Were confounding factors identified and strategies to deal with them stated?
(D) Were outcomes assessed using objective criteria?
(E) If comparisons are being made, was there sufficient description of the groups?
(F) Was the follow up carried out over a sufficient time period?
(G) Were the outcomes of people who withdrew described and included in the analysis?
(H) Were the outcomes measured in a reliable way?
(I) Was an appropriate statistical analysis used?

Figure 3. Comparison of the gingival index between tractioned teeth and their respective contralateral, showing the risk
of bias for each included study. The letters 'a, b' were placed when more than one estimate was extracted from the same
study.
SD, standard deviation; MD, mean difference; CI, confidence interval.
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Impacted teeth Contralateral teeth
Total Mean SD Total Mean SD

Study
Smailiene et al.
Smailiene et al.
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Mean difference

MD

95% CI Weight

2013a
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2.28

0.45
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1.96

0.49
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2.41
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2.19
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0.52
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1.61
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2.44

0.31
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2.44

0.27

0.00 [-0.16; 0.16] 14.8%

6

Caprioglio et al. 2013

[0.04; 0.60]

5.0%

0.46

0.22 [-0.17; 0.61]

2.5%

0.51

-0.17 [-0.42; 0.08]

6.2%

0.32
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Quirynen et al.

32

2000
9

Cercadillo-Ibarguren et al. 2011
Kohavi et al.

Bollero et al.
Lee et al.

31

2.01

0.82

15

2.00

1.00

0.01 [-0.64; 0.66]

0.9%

13

2.42

0.47

13

2.39

0.50

0.03 [-0.34; 0.40]

2.8%

2017b

9

1.44

0.62

9

1.34

0.73

0.10 [-0.53; 0.73]

1.0%

54

2.35

0.62

54

2.22

0.56

0.13 [-0.09; 0.35]

7.7%

1983

21

2.46

1.64

21

2.32

1.47

0.14 [-0.80; 1.08]

0.4%

2014b

15

1.63

0.19

15

1.47

0.13

0.16

[0.04; 0.28] 25.7%

125

1.90

0.60

125

1.70

0.60

0.20

[0.05; 0.35] 16.5%

11

2.35

1.64

11

2.09

1.47

0.26 [-1.04; 1.56]

0.2%

32

2.53

1.04

32

2.26

0.70

0.27 [-0.16; 0.70]

2.1%

2017a

6

2.20

0.61

6

1.90

0.41

0.30 [-0.29; 0.89]

1.1%

2002

23

2.52

0.71

23

2.17

0.49

0.35

[0.00; 0.70]

3.1%

2014a

15

1.63

0.33

15

1.25

0.51

0.38

[0.07; 0.69]

4.1%

16

2.68

1.64

23

2.17

1.47

0.51 [-0.49; 1.51]

0.4%

15

1.67

0.39

15

1.63

0.36

0.04 [-0.23; 0.31]

5.3%

38

2019

Becker et al.
Evren et al.

15

1984a

30

29

41

Crescini et al.

40

Chaushu et al.

2007

36

2003

Zasciurinskiene et al.
Bollero et al.
Becker et al.
Evren et al.

38
28

41

Kohavi et al.

30

44

2008

1984b

(Q) (R) (S) (T) (U) (V)(W) (X) (Y)
Crescini et al.

39

1994

Random effects model

472

0.14 [0.08; 0.20] 100.0%

479

Prediction interval
2

[0.06; 0.22]
2

Heterogeneity: I = 2%,  = 0.0005, p = 0.43

-1.5

-1
-0.5
0
0.5
1
1.5
Impacted teeth Contralateral teeth

Low risk of bias
Risk of bias legends:
Randomized clinical trials
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Unclear risk of bias

Cross-sectional studies
(H) Was the study based on a random or
pseudorandom sample?
(I) Were the criteria for inclusion in the sample clearly defined?
(J) Were confounding factors identified and strategies to
deal with them stated?
(K) Were outcomes assessed using objective criteria?
(L) If comparisons are being made, was there sufficient
description of the groups?
(M) Was the follow up carried out over a sufficient time period?
(N) Were the outcomes of people who withdrew described and
included in the analysis?
(O) Were the outcomes measured in a reliable way?
(P) Was an appropriate statistical analysis used?

High risk of bias

Cohort study
(Q) Was the sample representative of patients
in the population as a whole?
(R) Were the patients at a similar point in the
course of their condition/illness?
(S) Had bias been minimized in relation to
selection of cases and of controls?
(T) Were confounding factors identified and
strategies to deal with them stated?
(U) Were the outcomes assessed using objective criteria?
(V) Was follow-up carried out over a sufficient time period?
(W) Were the outcomes of people who withdrew described
and included in the analysis?
(X) Were outcomes measured in a reliable way?
(Y) Was appropriate statistical analysis used?

Figure 4. Comparison of the periodontal probing depth between tractioned teeth and their respective contralateral,
showing the risk of bias for each included study. The letters 'a, b' were placed when more than one estimate was extracted from the same study.
SD, standard deviation; MD, mean difference; CI, confidence interval.

DISCUSSION
The present study analyzed the available evidence on
the periodontal parameters of orthodontically tractioned
teeth compared with the respective non-tractioned contralateral teeth. The findings indicated that orthodontic
traction was associated with worsening of the gingival
index and a slight increase in periodontal probing depth,
with no difference in the plaque index and width of keratinized tissue.
Dental plaque is considered a primary cause of periodontal disease and requires mechanical cleaning of all
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sides of the tooth to maintain good oral health.45 Bollero et al.,38 observed no difference between impacted
canines and contralateral teeth, regardless of the arch
in which they were positioned. In contrast, Evren et al.41
observed an increase in the plaque index and the gingival index scores in lower canines under traction when
compared with the respective contralateral ones; though,
it was not possible to elucidate the causes of the worsening of periodontal health. In this current systematic
review, the mean plaque index scores showed no statistical difference (p > 0.05), with the exception of one
study41 which did not touch the null line; however, this
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Impacted teeth Contralateral teeth
Total Mean SD Total Mean SD

Study

Mean difference

MD

95% CI Weight

Upper canines

(A) (B) (C) (D) (E) (F) (G)

42

2013a

22

5.26

1.65

22

5.66

1.86

2013b

21
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21
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2017b

9

4.56
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1.73
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125

4.50

1.20

125

4.20

0.90

0.30

[0.04; 0.56] 20.1%

1994

15
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-0.40 [-1.44; 0.64]
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31
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Crescini et al.
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2
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2
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9
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15

Random effects model

15

15

267

267

6.00

2.56

15

6.00

4.00

0.00 [-2.40; 2.40]

2.8%

0.00 [-2.40; 2.40]

2.8%

Heterogeneity: not applicable
Random effects model

0.23 [-0.21; 0.66] 100.0%

Prediction interval

[-1.05; 1.51]

2

2

Heterogeneity: I = 70%,  = 0.2257, p < 0.01

-4
-2
0
2
4
Impacted teeth Contralateral teeth

2

Residual heterogeneity: I = 74%, p < 0.01

Low risk of bias
Risk of bias legends:
Randomized clinical trials
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Unclear risk of bias

Cross-sectional studies
(H) Was the study based on a random or
pseudorandom sample?
(I) Were the criteria for inclusion in the sample clearly defined?
(J) Were confounding factors identified and strategies to
deal with them stated?
(K) Were outcomes assessed using objective criteria?
(L) If comparisons are being made, was there sufficient
description of the groups?
(M) Was the follow up carried out over a sufficient time period?
(N) Were the outcomes of people who withdrew described and
included in the analysis?
(O) Were the outcomes measured in a reliable way?
(P) Was an appropriate statistical analysis used?

High risk of bias

Cohort study
(Q) Was the sample representative of patients
in the population as a whole?
(R) Were the patients at a similar point in the
course of their condition/illness?
(S) Had bias been minimized in relation to
selection of cases and of controls?
(T) Were confounding factors identified and
strategies to deal with them stated?
(U) Were the outcomes assessed using objective criteria?
(V) Was follow-up carried out over a sufficient time period?
(W) Were the outcomes of people who withdrew described
and included in the analysis?
(X) Were outcomes measured in a reliable way?
(Y) Was appropriate statistical analysis used?

Figure 5. Comparison of the width of the keratinized tissue between tractioned teeth and their respective contralateral,
showing the risk of bias for each included study. The letters 'a, b' were placed when more than one estimate was extracted from the same study.
SD, standard deviation; MD, mean difference; CI, confidence interval.
study showed no influence on the analysis to the point
of changing the significance in relation to this outcome.
Patients undergoing orthodontic treatment require
periodontal evaluations at each visit because of possible
periodontal implications during orthodontic therapy.46
The current literature data indicated that tractioned
teeth had higher gingival index scores and greater probing depth (p < 0.05). Lee et al.31 reported that the periodontal tissues of canines impacted after orthodontic
traction might not have the same characteristics as a
canine with normal eruption. Factors involved in the
surgical procedure, including the need for more extensive bone removal in closed flaps, may be related to the
increase in pocket depth and gingival level after treatment.41 In this review, both outcomes demonstrated low
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heterogeneity in the effect sizes of the articles included
in the analysis, thus indicating that the type of tooth
did not interfere with the observed effect. Additionally,
the effect of the worsening of these parameters was
similar regardless of the type of impacted tooth. Despite
demonstrating statistical significance, data related to
probing depth should be considered in relation to the
clinical significance of these findings since the difference between the groups had a small effect size.
In clinical practice, factors including the dimensions
of soft and hard tissues and oral tissues are vital parameters that can influence diagnosis and periodontal
treatment.47 Following the orthodontic-surgical traction procedure, the findings showed different data for
determining whether the width of keratinized tissue in
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impacted teeth differs from that in teeth with normal
eruption. Lee et al.31 observed a significant decrease in
the width of keratinized tissue in canines compared with
their non-tractioned contralateral counterparts, with
the minimum width considered for the maintenance of
periodontal health as 2 mm, and these values were less
than 2 mm for this parameter in treated teeth, which
predisposes to recurrent inflammation and loss of periodontal support. Smailiene et al.43 did not observe significant differences between the treated teeth and their
non-tractioned contralateral teeth. Conversely, Bollero et
al.,38 observed a greater amount of keratinized tissue in
tractioned canines than in contralateral teeth. Although
the meta-analysis did not show statistical significance
for this outcome (p > 0.05), there was heterogeneity
among the observed effects that persisted even after
the subgroup analysis. The certainty of evidence for this
outcome was reduced because the source of heterogeneity could not be identified.
The difficulty of surgical access in impacted third molars requires the patient to remain with the jaw open for
a long period, which can cause muscle exhaustion, trauma, and even overload of the temporomandibular joint
(TMJ). Therefore, the location and severity of the third
molar impaction may contribute to the development of
temporomandibular disorders.48 Additionally, the individual’s systemic health is a crucial factor to consider, especially in patients with a predisposition to TMJ problems.
Patients with systemic sclerosis may have difficulties in
mandibular excursion and mouth opening, making it
challenging to perform the dental procedure, and may
have more signs and symptoms of temporomandibular
disorders compared with healthy individuals.49 None of
the included studies examined the influence of dental
impaction and orthodontic-surgical traction on the development of temporomandibular disorders, hence demonstrating a gap in the literature on this topic.
The severity of the impaction of tractioned canines
can play a significant role in cases of greater severity,
with the possibility of periodontal damage at the end
of the treatment.50 Notably, this present review included
only one study that evaluated the impact of impaction
severity on periodontal parameters. The impossibility of
assessing the influence of this variable through metaanalysis was because primary studies did not evaluate it,
reducing the certainty of the evidence generated, thus
acting as a confounding factor for the estimate. Further
studies on this topic should consider the degree of initial
impaction of the tractioned teeth.
This systematic review and meta-analysis revealed
important data on periodontal parameters in impacted
teeth undergoing orthodontic-surgical traction. These
findings help the orthodontist and/or surgeon stipulate
the risks, understand the predictability of the tech-
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niques, and communicate with the patient efficiently.
Some limitations should be pointed out, including the
study design. Notably, most of the included studies were
cross-sectional observational studies; thus, different
confounding factors can be influenced by the impossibility of randomization.

CONCLUSIONS
Tractioned teeth may exhibit worsening in the periodontal parameters related to the gingival index and
probing depth; nevertheless, the probing depth should
be weighed as to its clinical significance because of the
small effect size observed. These estimates should be
viewed with caution since the severity of the impacted
tooth could not be considered in the analyses, and the
traction methods were not standardized. Finally, the observed effect sizes remained similar across the examined
groups regardless of the group of teeth analyzed.
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