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Abstract
Background:Although several researchers have analyzed the dental identity of patients experience with corrective methods using
fixed and removable appliances, the consequences stay debatable. This meta-analysis intended to verify whether the periodontal
status of removable appliances is similar to that of the conventional fixed appliances.

Methods: Relevant literature was retrieved from the database of Cochrane library, PubMed, EMBASE, and CNKI until December
2019, without time or language restrictions. Comparative clinical studies assessing periodontal conditions between removable
appliances and fixed appliances were included for analysis. The data was analyzed using the Stata 12.0 software.

Results: A total of 13 articles involving 598 subjects were selected for this meta-analysis. We found that the plaque index (PLI)
identity of the removable appliances group was significantly lower compared to the fixed appliances group at 3 months (OR=�0.57,
95% CI: �0.98 to �0.16, P= .006) and 6 months (OR=�1.10, 95% CI: �1.60 to �0.61, P= .000). The gingival index (GI) of the
removable appliances group was lower at 6 months (OR=�1.14, 95% CI: �1.95 to �0.34, P= .005), but the difference was not
statistically significant at 3 months (OR=�0.20, 95% CI: �0.50 to 0.10, P= .185) when compared with that of the fixed appliances
group. The sulcus probing depth (SPD) of the removable appliances group was lower compared to the fixed appliances group at 3
months (OR=�0.26, 95% CI:�0.52 to�0.01, P= .047) and 6 months (OR=�0.42, 95% CI:�0.83 to�0.01, P= .045). The shape
of the funnel plot was symmetrical, indicating no obvious publication bias in the Begg test (P= .174); the Egger test also indicated no
obvious publication bias (P= .1).

Conclusion:Our meta-analysis demonstrated that malocclusion patients treated with the removable appliances demonstrated a
better periodontal status as compared with those treated with fixed orthodontic appliances. However, the analyses of more numbers
of clinical trials are warranted to confirm this conclusion.

Abbreviations: 95% CI = 95% confidence interval, GI = gingival index, NOS = Newcastle-Ottawa Scale, OR = odds ratio, PLI =
plaque index, RCT = randomized controlled trial, SBI = sulcus bleeding index, SPD = sulcus probing depth.
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1. Introduction

In the present age, the advancements in the design and
manufacturing of dental motion materials using computer has
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encouraged the demand for optimized requirements in ortho-
dontic treatment technology. In 1946, Kesling first proposed the
concept of moving orthodontic appliances to move misplaced
teeth.[1] However, in the last decade, the concentrated cell
method has also been a preferred treatment as it covers a range of
malocclusion types.[2] However, several researchers have suc-
cessfully demonstrated how the present appliances can correct
and treat almost all diseases, ranging from mild to severe
malocclusion, with better periodontal status.[3–5] Despite the
known effectiveness of conventional methods practiced across
the world, the shortcomings associated with these methods
cannot be overlooked. For instance, the conventional methods in
dentistry are inconvenient and even painful, often posing
difficulty in cleaning. Patients are required to be cautious with
the stent and are required to regularly clean the plaque collected
around the wire to improve the oxidation-reduction potential.
Previous studies have reported that the use of fixed orthotics can
stimulate the growth of subgingival plaques, which trigger
adverse reactions and increase the discomfort of patients.[6–8]

Therefore, the use of an alternate removable orthodontic device is
expected to facilitate convenience and better healing for patients
requiring urgent interventions.[8–10]

In the recent years, a large number of studies have been
reported on times health identity of patients treated with
concentrating and removable appliances.[11–23] However, the
inference derived from these papers remains controversial.
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Therefore, clinicians can only rely on their clinical experience and
the low-quality evidence reported in the literature when
formulating treatment plans. Accordingly, considering the
situation, we hypothesized that the periodontal status of patients
treated with removable appliance was better than that of patients
treated with fixed appliances, and employed a meta-analysis to
confirm our hypothesis.
2. Methods

2.1. Search strategy

For this meta-analysis, articles were sourced from the databases
of EMBASE, Cochrane library, Medline, PubMed, CNKI, and
Wanfang without time or language restrictions. All relevant
studies published through to December 2019 were included. In
addition, we conducted manual retrieval in the research process,
mainly using the research results in the references. Relevant
studies were identified using the following key terms: “removable
aligners”, “removable thermoplastic aligners”, “clear applian-
ces”, “invisalign”, “periodontal index”, “periodontics”, and
“periodontium”. Because this analyses was based on previously
published studies, so there was no require for ethical approval
and patient consent.

2.2. Inclusion criteria

This review included prospective cohort studies or randomized
controlled trials (RCTs) that compared the periodontal status in
patients treated with fixed appliances versus removable appli-
ances. The subjects were patients diagnosed with malocclusion
and who received orthodontic treatment for the same, who
showed good oral health, no obvious periodontal disease, no
systemic disease, no long-term history of taking antibiotics,
among others. We focused on removable or fixed orthopedic
appliances as the means of intervention.
2.3. Exclusion criteria

Case reports, review articles, and animal studies were excluded.
Moreover, original articles whose reference literature could not
be used after contact with the author were excluded.
Table 1

Quality evaluation of the included studies.

Study
Queue

selection Comparability
Result

measurement
Level of
quality
2.4. Observation index

Plaque index (PLI), gingival index (GI), and the sulcus probing
depth (SPD) were recorded in this study. The outcomes for
the PLI, GI, and SPD at 3 and 6 months were assessed in this
meta-analysis.
Levrini 2013 ★★★ ★ ★★★ A
Miethke 2005 ★★★★ ★ ★★★ A
Azaripour 2015 ★★★ ★ ★★★ A
Eroglu AK 2019 ★★★★ ★ ★★ A
Zhou Q 2014 ★★★ ★ ★★★ A
Li YR 2017 ★★★ ★ ★★★ A
Li YZ 2015 ★★★ ★ ★★★ A
Huang GW 2015 ★★★ ★ ★★★ A
Chu KJ 2016 ★★★★ ★ ★★★ A
Zhou SL 2013 ★★★ ★ ★★★ A
Liu J 2017 ★★★ ★ ★★★ A
Li W 2017 ★★★ ★ ★★★ A
Sun MY 2018 ★★★ ★ ★★★ A
2.5. Data collection and analysis

Two investigators formed the data research object. In case of a
conflict between the reports of the 2 investigators, further
inspection of the measurements was made until finalization of
the results. In case no agreement could be reached, a
professional scholar was invited to resolve the issue. The data
extracted from the references included the following: publica-
tion date, author name, country of the study, method of
treatment, number of 2 methods, age, gender, patient recruit-
ment time, the measurement period, and result measurements of
different literatures.
2

2.6. Quality assessments

The quality of all research was assessed with reference to the
Newcastle–Ottawa Scale (NOS). The research evaluation criteria
were mainly divided into 3 aspects: measurement results,
comparability, and queue selectivity. These aspects were further
categorized into the number of stars, in a descending order, with
grade A=7–10 stars, grade B=4–6 stars, and grade C=<3
stars.[24] During this process, in case of a conflict, negotiation was
made to resolve the dispute. As per the description given in
Table 1, all references in the meta-analysis belonged to grade A.
Therefore, it can be concluded that this study involved the
analysis of high-quality literature.

2.7. Statistical analysis

The data from the individual studies were pooled and analyzed
using the Stata 12.0 software (Stata Corporation, College
Station, Texas). I2 test and Chi-Squared-based test were applied
to analyze the heterogeneity among the included articles. The
range of heterogeneity was as follows: extreme=75% to 100%;
large=50% to 75%; moderate=25% to 50%; and low=<
25%. The fixed-effects model was generally used to evaluate the
research content because I2 was <50%. A random effect model
was used whenever the value was >50%. After obtaining the
results of combined odds ratio (OR) and 95% confidence interval
(CI), the Z test was employed for data analysis, with P< .05
considered as statistically significant. Any publication bias was
assessed by using the Begg test and the Egger test. Sensitivity
analysis was applied to analyze large heterogeneity studies and to
find the source of heterogeneity.

3. Results

3.1. Characteristics of studies

According to the above-mentioned retrieval methods, 192
relevant studies were selected for the analysis. After skimming
the titles, abstracts, and reviewing the full-text content, 179
studies were excluded due to the lack of available data or the non-
RCT nature of the study, among other reasons. Finally, 13 studies
involving 598 patients met the inclusion criteria.[11–23] Among
which, 297 patients were treated with removable appliances and
301 patients with fixed appliances. The flow diagram of the study



Figure 1. Flow chart illustrating the study selection procedure.
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selection procedure is presented in Fig. 1. The basic information
of each included literature is shown in Table 2.

3.2. The status of PLI

Seven researches evaluated the PLI of 2 appliances after 3 months
of treatment, and 8 researches evaluated the PLI of 2 appliances
Table 2

Characteristics of the eligible studies in this meta-analysis.

Remov

Study Female/male Country Time measures Sample siz

Levrini 2013 8/12 Italy 3 months 10
Miethke 2005 17/43 Germany 3 months 30
Azaripour 2015 27/73 Germany 6 months 50
Eroglu AK 2019 11/34 Turkey 3 months 15
Zhou Q 2014 47/23 China 6 months 40
Li YR 2017 12/28 China 6 months 20
Li YZ 2015 30/16 China 6 months 26
Huang GW 2015 29/11 China 6 months 20
Chu KJ 2016 17/13 China 6 months 15
Zhou SL 2013 35/10 China 6 months 20
Liu J 2017 9/13 China 6 months 11
Li W 2017 15/45 China 6 months 30
Sun MY 2018 5/15 China 6 months 10

GI = gingival index, NR = not report, PLI = plaque index, SBI = sulcus bleeding index, SPD = sulcus

3

after 6months of treatment. The heterogeneity test results were as
follows: PPLI3= .013, I2=62.9% and PPLI6= .000, I2=78.5%,
respectively. The results indicated an obvious statistical signifi-
cance in PLI between the removable and fixed appliances groups
at 3 months (OR=�0.57, 95% CI: �0.98 to �0.16, P= .006)
and 6 months (OR=�1.10, 95% CI: �1.60 to �0.61, P= .000),
as shown in Figs. 2 and 3.
able appliances Fixed appliances

e Average age Sample size Average age Outcome measures

25.1±4.6 10 25.1±4.6 PLI, SPD, SBI
30.1 30 30.1 PLI, GI, SBI, SPD

31.9±13.6 50 16.3±6.9 GI, SPI, SBI
15.2±2.1 15 15.2±2.1 PLI, GI, SBI, SPD

28.4 40 24.6 GI, PLI, SBI
29.1 20 28.2 PLI,GI, SPD
27.4 20 28.3 PLI, SPD, SBI
26 20 26 GI, PLI, SBI
25.5 15 25.5 GI, PLI, SPD
25.1 25 26.3 GI, PLI, SPD, SBI
NR 11 NR PLI, GI, SPD
27.8 30 24.6 GI, PLI, SBI, SPD

26.0±5.6 10 24.0±4.2 GI, SBI, PLI, SPD

probing depth.

http://www.md-journal.com


Figure 2. The status of PLI index at 3 months between the removable and fixed appliances groups.

Figure 3. The status of PLI index at 6 months between the removable and fixed appliances groups.
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3.3. The status of GI

A total of 4 studies evaluated the GI of 2 appliances after 3
months of treatment, and 8 studies evaluated the GI of 2
appliances after 6 months of treatment. The results of
heterogeneity test were as follows: PGI3= .783, I2= .0% and
PGI6= .000, I2=91.8%, respectively. These results demonstrated
no statistical significance in GI between the removable and fixed
appliances groups at 3 months (OR=�0.20, 95% CI: �0.50 to
Figure 4. Forest plot of meta-analysis of 2 a

Figure 5. Forest plot of meta-analysis of the GI

4

0.10, P= .185). However, patients treated with removable
appliances showed significantly lower GI status at 6 months
(random effects model OR=�1.14, 95% CI: �1.95 to �0.34,
P= .005), as shown in Figs. 4 and 5.
3.4. The status of SPD

Six researches evaluated the SPD of 2 appliances after 3 months
of treatment, and 8 researches evaluated the SPD of 2 appliances
ppliances GI after 3 months of treatment.

of 2 appliances after 6 months of treatment.



Figure 7. Forest plot of meta-analysis of SPD of 2 appliances after 6 months of treatment.

Figure 6. Forest plot of meta-analysis of SPD of 2 appliances after 3 months of treatment.
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after 6months of treatment. The results of heterogeneity test were
as follows: PSPD3= .135, I2=40.6% and PSPD6= .002, I2=
69.9%, respectively. The significant difference in SPD between
the removable and fixed appliances groups was detected at
3 months (OR=�0.26, 95% CI: �0.52 to �0.01, P= .047) and
6 months (OR=�0.42, 95% CI: �0.83 to �0.01, P= .045), as
shown in Figs. 6 and 7.
3.5. Sensitivity analysis

The sensitivity analysis was conducted after removing each of the
included articles one by one. However, the results demonstrated
no significant change in the results of the combined effect, which
implied that the result of the meta-analysis was stable.
Figure 8. Begg’s funnel plot for publication bias.
3.6. Publication bias

Begg test and Egger test were conducted to assess the publication
bias (Fig. 8). Symmetry of the funnel plots implied no obvious
publication bias (P= .174), and the results of Egger test also
demonstrated no publication bias (P= .1).

4. Discussion

The removable appliances appeared as creative orthopedic
appliances in the late 1990s.[25] The conventional orthodontic
appliances were based on brackets and wires for orthodontic
tooth movements. These are aesthetically pleasing, comfortable,
simple, predictable, and portable devices. Because of the influence
about times disease, Ristic et al[26] put forward the GI cell slowly
upgrade at 4 weeks and 3 months when taking the concentrate
tool, then reached its peak at 6 months. Meanwhile, some
scholars have demonstrated the the progress of gravity could
reach its highest value after 5 to 6 months of use.[23,26,27] From
5

now on, gravity is regularly remained in the rank during the
treatment period. Therefore, we partly researched the times
situation in the first 6 months. Our results revealed that the GI,
PLI, and SPD indexes were significantly reduced with removable
orthotic devices as compared with that with conventional fixed
orthotic devices (P< .05). These statistics thus signify that
removable appliances are more beneficial for a healthy
periodontal status.
The probable reasons supporting the superiority of removable

appliances are as follows: patients with removable appliances can
take the appliance out of their mouth and clean it. In addition,
patients can remove the appliance at the time of cleaning their
teeth, which is convenient. A removable appliance helps in better
flossing and hence in maintaining better oral hygiene. Removable
appliances covering most of the crown area can control the force
exerted on that area. Removable appliances help make the teeth

http://www.md-journal.com
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move closer as an overall movement while preventing the
destruction of the periodontal tissues due to the migration of the
supragingival plaque to the subgingival tissues.
Several studies have evaluated the influences of orthodontic

appliances on the periodontal health. For instance, Miethke and
Vogt[17] reported that, at the baseline level and at 3 distinguishing
development time steps, patients arranged with fixed appliances
were at significantly greater PLI risks than those arranged with
removable appliances. However, they discovered no statistically
significant difference in the SPD between the groups of patients
treated with fixed appliances versus those fixed with removable
appliances. Abbate et al[27] performed a similar initial orthodon-
tic treatment on 50 adolescents aged 10 to 18 years and found
that the adolescents wearing removable appliances had a higher
periodontal status than adults using fixed appliances after the
same treatment course. However, Alstad and Zachrisson[28]

found no significant difference in the PLI or GI between these 2
treatment approaches. Despite the extensive use of fixed and
removable appliances, there seems to be a lack of evidence
supporting any specific appliance as being more beneficial for the
periodontal health. Bollen et al[29] and Van et al[30] reviewed the
literature and inferred that orthodontic measurement by itself
does not upgrade the risk of periodontal pathologies. However,
several studies have reported that the choice of oral hygiene
procedures have a profound effect on the periodontal health of
orthodontic patients.[31]

Notably, as per a recent observation, morbidity due to
periodontitis increases with the age of the patient. Many adult
patients realize the importance of dental health and begin to
apply orthodontic treatment for straightening their teeth.[32]

Orthodontic therapy may often lead to periodontal diseases,
because the use of orthodontic appliances during the treatment
may affect the oral hygiene procedures and lead to the
accumulation of microbes in the mouth. However, some
researchers argue that periodontal diseases are only partially
related to orthodontic treatment. They state that orthodontic
appliances can interfere with oral hygiene procedures to produce
bacteria and induce their proliferation.[26,33–37] Some clinical and
experimental trials have demonstrated that, despite maintaining
good oral hygiene in patients, the use of orthodontic appliances
can cause inflammation and lead to periodontal damage if the
inflammation is not completely controlled, and that the
attachment disappears with the accelerated development of
periodontal damage.[38,39] Several previous studies have reported
that fixed orthodontics serve as a greenhouse for plaque to build,
which can lead to the development of inflammatory manifes-
tations, such as gingival swelling or bleeding.[40–42] Currently,
several studies have compared different orthodontic appliances
with removable appliances and found the performance of
removable appliances much superior. This is because removable
appliances have been found to contribute significantly in building
up oral hygiene by inhibiting the accumulation of dental
plaque.[17,42,43] In terms of clinical presentation, the therapy of
removable appliances is more secure for periodontium when
compared with the therapy of fixed appliances.[44] Notably,
removable appliances can help maintain the oral hygiene and
thereby reduce the amount of plaque retentive surfaces.
Considering these points, it can be concluded that removable
appliances are a great orthodontic treatment appliance for
patients with poor periodontal health.
However, some scholars believe that because patients must

wore removable appliances for more than 20hours a day, if
6

patients failed to clean their mouth in time, food residue may stay
in the gap between appliances and gingival mucosa, and prevent
the self-cleaning of saliva in the patient’s mouth. And because the
appliance is an integrated appliance, covering the gingiva in a
large area may caused gingival compression and injury, or some
patients may not mastered the correct method to remove and
wear the appliance during the correction period which may
leaded to injury to the gingival tissue too. Therefore, they believe
that the removable appliances is more harmful to the periodontal
health of patients than the fixed appliances.[13,45] Thus, strong
evidence is still needed to support our hypothesis.
This meta-analysis has some limitations. First, the available

research data were limited to those from China, Germany, and
Italy only, and hence the conclusionmay not be applicable to other
countries. Second,without analyzing a large number of studies, it is
difficult to conduct a comprehensive and detailed study, and some
studies with a small sample size could not provide sufficient
statistical power to identify the actual association. Third, the index
measurements of the position and the quantity of teeth were
coincidental. Some studyassessed the fullmouth teeth,whileothers
measured only certain teeth, which may have resulted in a bias
during the implementation. Moreover, the types of malocclusion
included were not corresponding, which may have enhanced the
presence of confounding factors.
5. Conclusion

This meta-analysis demonstrated that the periodontal status of
patients treated with removable appliance was much superior to
that with the conventional fixed appliances. Owing to the
limitation in terms of both quality and quantity of the involved
studies, we suggest that the inference of this review be verified
further using more number of RCTs.
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