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Abstract
Background: This systematic review aimed to compare the pain discomfort levels between Invisalign  aligners comparing with
traditional �xed appliances at multiple time points, through Pain Visual Analog Scale (VAS). Methods: Four electronic databases
(Pubmed, Medline, CENTRAL and Scholar) were searched up to February 2019. There were no restrictions on year and
publication status. Randomized clinical trials (RCTs) and case-control studies comparing pain perception through VAS in
patients treated with Invisalign aligners and with labial appliances were included. Risk of bias within and across studies was
assessed using Cochrane tool and Newcastle-Ottawa Scale (NOS) approach. Random-effects meta-analysis were conducted.
VAS score at 1, 3 and 7 days, and analgesic consumption was collected. Pairwise and Binary Random-Effects Meta-analyses
were used to synthesize available data. Results: At the initial search, a total of 87 articles were retrieved. Following the review
protocol, 4 articles met the inclusion criteria and were included, with a total of 214 participants (139 females, 75 males). All
studies were considered of high methodological quality. The results demonstrate that Invisalign aligners seems to be
associated with signi�cantly less pain than �xed appliances at 7 days after beginning the orthodontic treatment, although at 1
and 3 days the pain experience was similar in both orthodontics appliances. In regard to the type of material, SmartTrack
aligners appear to give signi�cantly better comfort for orthodontic patients than previous standard material, being that 3 days
after appliance’s insertion this pain differential becomes signi�cant, and this difference is more pronounced at 7 days.
Conclusion: Patients treated with Invisalign experience less pain discomfort than those treated with �xed appliances and
consume less analgesics. Overall, Invisalign promotes better pain and discomfort experience for the patient in the course of
orthodontic treatment. Larger RCTs are needed to de�nitely demonstrate these �ndings throughout the orthodontic treatment.

Introduction
With the increase of esthetic requirements, facial’s micro and macro-esthetic and smile have become a priority for adolescents
and adults 1,2. Consequently, patients lean to more esthetic and comfortable orthodontic treatments 3.

According to Kesling, clear aligners were predominantly to minor tooth movement, usually at the end of orthodontic treatment or
to treat minor alignment relapse 4. In 1998, Invisalign  aligners (Align Technology , California, USA) were introduced into the
orthodontic market 5. Since then, clear aligners have been popularized and quickly became the preferred orthodontic appliances
for patients with great esthetic demands 6. In 2013, Invisalign introduced SmartTrack , a new and highly elastic alignment
material that allows a lower and more uniform force level. According to the brand, it offers patient better comfort, less pain and
it is easier to handling. From that date, all patients were treated exclusively with this new material 7.

In fact, clear aligners, like Invisalign, have much more esthetic attractiveness than conventional �xed appliances with brackets
and wires 1, and patients bene�t by being able to have full access to remove clear aligners to eat and for oral hygiene. Still,
patients treated with Invisalign have better periodontal health than those with conventional �xed appliances and there is better
compliance with oral hygiene in teenagers 8–10.

Interestingly, pain experience research in orthodontic patients during treatment has been a research topic of interest . In fact, the
pain experience progression after initial archwire placement in �xed orthodontic appliance is well established in the literature,
comparing multistrand stainless steel and superelastic NiTi archwires 11–18. However, overall pain perception during Invisalign
aligners course of treatment and when compared with conventional �xed appliances are not well established.

Patients elect Invisalign aligners in hope that these appliances will have fewer negative impacts on their quality of life 19.
Therefore, it is essential to systematically evaluate whether there is a difference in pain perception between orthodontic �xed
appliances and Invisalign aligners, and in this way, we can contribute to a more considered decision by the patient and the
clinician about the following treatment.

 

Objectives
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Given the increasing popularity of clear aligners, this systematic review aimed to compare the discomfort levels between
traditional buccal �xed appliances with Invisalign aligners at multiple time points. The review PICO research question is "Does
Invisalign have less pain discomfort impact than buccal �xed appliance treatment in orthodontic patients?", with the following
statements: orthodontic patients (Patients – P); Invisalign treatment (Intervention/Exposure – I); Buccal �xed appliance
treatment (Comparison – C); Pain discomfort (Outcome – O).

Methods
2.1. Protocol and registration

The present systematic review was conducted and reported according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for reporting studies that evaluate health care interventions 20 (Appendix S1) and its
extension for abstracts 21. The protocol was previously de�ned and have been registered in the International Prospective
Register of Systematic Reviews (PROSPERO; CRD42019124534). There were involved three researchers from the Orthodontics
Department: DP, VM and ASD; and two researchers from the Clinical Research Unit: JB and JJM.

2.2. Eligibility criteria

Studies were eligible for inclusion based on the following criteria:

1. Invisalign aligners treatment comparing with buccal �xed orthodontic appliances and determined pain discomfort through
Pain Visual Analog Scale (VAS) at multiple time points;

2. Observational studies (randomized and non-randomized study cohort/longitudinal study, cross-sectional study);

3. English language studies;

4. Human study population.

The exclusion criteria were:

1. Studies reporting results emerging from questionnaires;

2. Retrospective studies;

3. In vitro and animal studies;

4. Case reports/case series;

5. Editorials, opinions, narrative reviews, and technique description articles, without reported sample.

 

2.3. Search strategy

A total of four electronic databases (Pubmed, Medline, CENTRAL and Scholar) were searched systematically from inception to
February 2019. The strategy used for the electronic search was the following: ("VAS"OR"Visual Analog Scale"OR"VAS
scale"OR"pain perception"OR"pain")AND("Invisalign"OR"Invisalign aligner"OR"clear aligner")AND("orthodontic
brackets"OR"bracket"OR"�xed appliance"). The reference lists of included articles and relevant reviews were manually searched.
Gray literature was searched using the latter strategy in OpenGray.

 

2.4. Assessment of Validity

The eligibility of each study was assessed independently by two investigators (VM and DP), who screened the titles and/or
abstracts of retrieved studies. Inclusion was dependent on the following eligibility criteria: randomized clinical trials and case-
control studies who compare the discomfort level produced by traditional �xed appliances and Invisalign aligners at multiple

https://paperpile.com/c/NXMLaE/DAes
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time points. Final selection of studies was performed by three authors independently (VM, DP, JB), and veri�ed by a fourth and
�fth author (JJM, ASD), by reviewing the full text based on inclusion criteria above. Discussion resolved any disagreements.
Non-full papers, such as conference abstracts, thesis and letters to editors, were excluded.

2.5. Data extraction

Characteristics of the included studies and numerical data were extracted in duplicate by two authors (VM and DP) onto a
prede�ned data extraction table: citation, publication status and year of publication, study design, setting, number of cases and
characteristics of the participants (mean age, sex), VAS scores at multiple time points, type of �xed appliances, and analgesic
consumption. Final data was reviewed by a third author (JB). Concerning additional data/clari�cations, we tried to contact
corresponding authors (on 10th of February 2019).

 

2.6. Quality assessment and Risk of Bias in Included Studies                                                  

The quality assessment of the eligible studies was performed by two independent reviewers (VM and JB). In areas of
disagreements, a collective decision was obtained after a discussion between all authors to approach a consensus, with an
opinion of a third reviewer (AD). Risk of bias of RCTs was assessed with the Cochrane Collaboration’s tool. Case-control and
cohort studies were appraised with the Newcastle-Ottawa Scale. ‘‘Stars’’ (points) were attributed for each methodologic quality
criterion, and each study could achieve a maximum of 8 points. Studies with 7 to 8 points (80% or more of the domains
satisfactorily ful�lled) were arbitrarily considered to be of high quality, studies with 5 to 6 stars were of medium quality, and
studies with less than 5 stars were of low methodologic quality. Disagreements between the review authors over the risk of bias
in particular studies were resolved by discussion, with the involvement of a third review author (DP) where necessary.

 

2.7. Summary Measures & Synthesis of Results

For the conversion of median and interquartile range VAS score values to mean and standard deviations, Hozo et al.22

procedure was used, under the assumption of normal distribution. Firstly,  pain discomfort through VAS score of Invisalign
versus traditional �xed treatment at 1, 3 and 7 days following their initial treatment appointment was appraised through
DerSimonian-Laird (DS) random-effect analysis. Secondly, Invisalign studies were subdivided according to the aligners
materials, standard material and SmartTrack. Of the included studies, the percentage of analgesic consumption was also
carried out at 1, 3 and 7 days after beginning orthodontic treatment through binary SD random-effects analysis. All random-
effects meta-analysis and forest plots were performed using OpenMetaAnalyst (2016) software 23. Quantity I² was used to
measure to account for homogeneity and calculated through the χ2 test. Publication bias analysis was planned to be performed
if, at least, we had 10 or more studies included 24. All tests are two-tailed with alpha set at 0.05, except for the homogeneity test
whose signi�cance level cutoff will consider to be 0.10 due to the low power of the χ2 test with a limited amount of studies.

 

Results
3.1 Study Selection

From the databases and other sources, the initial electronic database search resulted in a total of 87 record, resulting in 60 after
duplicates removal. Following title and abstract screening, 9 studies were selected for full-text evaluation. Nevertheless, after
full-text eligibility assessment, 5 studies were excluded (in detail in Supplemental Table S2). Therefore, the meta-analysis was
performed on the basis of 4 articles. The �ow chart of study selection together with reasons for exclusion is provided in Figure
1.

https://paperpile.com/c/NXMLaE/aSZX/?noauthor=1
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3.2 Study characteristics

Four prospective studies evaluated the pain discomfort of Invisalign orthodontic treatment through the comparison with buccal
�xed orthodontics appliance. A total of 214 participants (139 females, 75 males) were included. The characteristic of the
participants is shown in Table 1.

 

3.3 Risk of bias within studies

Only one RCT was included and was assessed as unclear overall risk of bias 6. Table 2 shows the summary of risk of bias
assessment for the RCT study according to the Cochrane Risk of bias tool. Table 3 (NOS Scale scores) shows the risk of bias
assessment for the included studies. All three studies were considered of low risk of bias and, therefore, of high quality 25–27.

 

3.4. Synthesis of results

Data from four studies including 165 patients reported pain discomfort through VAS score of Invisalign versus buccal �xed
treatment 6,25,27. All those studies provided data for pain discomfort at 1, 3 and 7 days following their initial treatment
appointment, while two had data on a daily basis 6,25. Heterogeneity exists between the three studies at all time points (Fig. 2).
So, we opted for a random-effects model.

Although not signi�cant, after 1 day of treatment, Invisalign patients experience in average 33.3% lower VAS score than patients
with buccal �xed appliances (MD = 1.35, 95% CI: -0.04-2.74; Fig. 2). Similarly at 3 days after treatment, Invisalign patients
experience in average 28.5% lower VAS score than patients with �xed appliances, but the difference is not statistically
signi�cant (MD = 1.56 , 95% CI: -0.16-3.29; Fig. 2). Meanwhile at 7 days follow-up, Invisalign patients experience in average
38.2% lower VAS score than patients with buccal �xed appliances, and the difference is statistically signi�cant (MD =0.85 , 95%
CI: 0.30-1.40; Fig.2).

In fact, although the difference in pain perception at 1 day after treatment beginning in patients treated with the Standard
material of Invisalign (before 2013) versus SmartTrack (after 2013) is not signi�cant (Fig. 3), on the 3 and 7 days patients
treated with SmartTrack show a signi�cant difference in mean VAS score of 53.7% and 50.1%, respectively (MD = 2.71, 95% CI:
0.49-4.93; Fig.4; and MD = 1.52, 95% CI: 0.34-2.70; Fig. 5). In the opposite, patients treated with Invisalign Standard material
(before 2013) did not present signi�cant differences in pain perception on any of the days evaluated. Thus, Invisalign’s
SmartTrack material appears to be more comfortable for patients than previously manufactured clear aligner materials.

 

3.5. Additional analysis

A detailed number analgesic consumption after beginning orthodontic treatment at 1, 3 and 7 days are reported in three studies
6,25,27. Overall, patients treated with Invisalign have signi�cantly less analgesic consumption compared with �xed orthodontic
treatment group control one day and seven days after treatment beginning (Supplemental Fig. S1). Overall, patients with �xed
appliances consume more analgesics at the beginning of treatment.

 

Discussion
4.1. Summary of Main Findings

https://paperpile.com/c/NXMLaE/ioRp
https://paperpile.com/c/NXMLaE/TVBA+1nRI+8mMK
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This systematic review included one randomized and three case-control studies, with a total of 214 patients. The overall results
demonstrate that Invisalign seems to be signi�cantly associated with less discomfort rather than �xed appliances. Although at
1 and 3 days the results are not signi�cant, at 7 days this difference is conclusive.

Notwithstanding, by accounting the type of material,  SmartTrack appear to provide better comfort for orthodontic patients than
the previous standard material. Notably, this differences becomes signi�cant at 3 days after appliance insertion and turns more
pronounced at 7 days. In fact, these results comply with a previous research where patients were transitioned to the aligners
made with the SmartTrack material and experienced less pain intensity, pain duration, and less pressure upon insertion 7. In
addition, Invisalign patients reported less analgesics consumption compared to patients with �xed appliances, and present
signi�cant differences.

 

4.2. Quality of the Evidence, Limitations and Potential Biases in the Review Process

The strengths of this systematic review include the extensive unrestrictive literature search, with a rigorous and predetermined
protocol implemented in each phase. However, there are limitations worth to mention among the included studies.

The included investigations were of small samples, and two of them lack sample size calculation 25,26. As well, there are a
diversity of buccal brackets description since one did not refer the type of �xed appliances 25, two used different self-ligated
wire appliances 26 27 and another used a traditional buccal �xed appliances 6. Though passive self-ligating systems result in
minor periodontal ligament ischemia and therefore less discomfort 28, literature evidences that pain experience in the beginning
of treatment is independent of bracket type 29–32. The type and size of archwires was only speci�ed in two studies 6,26, which is
also a limitation. However, previous studies have found no signi�cant differences in the pain perception using different
archwires types 29,33,34.

Moreover, only one study 6 performed allocation concealment, while the remaining three 25–27 did not randomly assigned the
treatment modalities due to their cohort design nature. In fact, well-conducted and adequately informed “gold standard” RCTs
are the epitome in clinical research 35,36. The main advantage lies in the random allocation of patients minimizing patients
selection bias 37. However, randomizing adult patients is not simple, since some of whom are unwilling or unable to comply with
the random assignment due to esthetic reasons 26. This di�culty limits the ability to completely randomize the study. The fact
that the patient has a choice demonstrates personality traits, which can impair the perception of pain.

Additionally, pain experience is a notoriously subjective response and there is a non-linear relationship upon multiple factors
such as age, gender, individual pain threshold, the magnitude of the force applied, present emotional state and stress, cultural
differences, and previous pain experiences 12,15,38–42. A hypothetical limitation would be the fact that there is an unbalanced
gender ratio. However, gender has no signi�cant effect on orthodontic pain perception 12,15,41,43, except in adolescents, where
females have less pain tolerance than males 44,45.

Finally, the placement of SmartForce  attachments since the beginning of the treatment with Invisalign is relevant in pain
perception, because they make more pressure during the insertion of the aligner. They were introduced by Align in September of
2009. In the included studies, Miller et al 25 in 2007 did not place attachments since it was not protocol, Shalish et al 26 do not
describe the placement of attachments in the �rst set of aligners, White et al 6 placed attachments already in the �rst aligners,
and Almasoud 27 delayed the attachments placement until the third set of aligners. The high heterogeneity among the studies
prevent a de�nitive conclusion and, therefore, the in�uence of the attachments in pain perception and comfort should be
considered in the future.

Conclusions

https://paperpile.com/c/NXMLaE/U2pi
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Within the limitations of this systematic review, the results show that patients treated with Invisalign experience less pain and
discomfort than patients treated with traditional buccal �xed appliances. This becomes more signi�cant since the SmartTrack
introduction into the Invisalign aligners. This information may clarify patients about what to expect during the beginning of
orthodontic treatment. In the future, larger randomized clinical trials are needed to de�nitely demonstrate Invisalign’s better
comfort over traditional �xed appliances throughout the orthodontic treatment.

 

5.1. Implications for Clinical Practice and Research

These �ndings may help both patients and clinicians in the treatment modality decision, concerning pain parameters and
analgesic consultation, in the �rst phase of orthodontic treatment.

In the main, randomized clinical trials are needed to perform a robust comparison of Invisalign aligners and buccal orthodontic
�xed appliances. Aspects concerning long-term outcomes appraisal, objective measurements of patient-centered reported
outcomes (such as quality of life), and adverse effects (including allergies, periodontal damages and functional impairment)
are important factors to consider.
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Tables
Table 1: Characteristic of included studies and participants.

Author, year
(ref.)

Country Study Type Participants (N) Gender (F/M) Mean age (years)
Invisalign Fixed

appliance
Invisalign Fixed

appliance
Invisalign Fixed

appliance
Almasoud

(2018)
Saudi
Arabia

Prospective study 32 32 22/10 20/12 28,47±
8,17

23,56 ± 5,44

Shalish (2011) Israel Prospective study 21 28 16/5 14/14 Not
available

Not available

White (2017) USA A randomized, prospective
trial

23 18 12/11 12/6 Not stated Not stated

Miller (2007) USA Longitudinal, Prospective
study

33 27 22/11 21/6 38,0 ± 12,4 28,6 ± 8,7

 

Table 2: Quality Assessment Tool for RCT Studies according to the Cochrane Risk.

COCHRANE TOOL
Author
(Year)

Random Sequence
Generation

Allocation
Concealment

Blinding participants
and personnel

Blinding outcome
assessment

Incomplete
outcome data

Selective
reporting

Other
bias

White
2017

+ + - + + + +

 

Table 3: Newcastle-Ottawa Scale (NOS) for Case-Control Studies

The Newcastle-Ottawa Scale (NOS) - Case-Control Studies
  Selection Comparability Outcome TOTAL  
  Is the

case
definition
adequate?

Representativeness
of the cases

Selection
of

controls

Definition
of

controls

Comparability
of cohorts on
the basis of

the design or
analysis

Ascertainment
of outcome

Save method
of

ascertainment
for cases and

controls

Non-
response

rate

  Quality

Miller
2007

a a a a a a a a High

Shalish
2011

a a a a a a a a High

Almasoud
2018

c a a a a a a a High
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Figures

Figure 1

PRISMA �ow-chart representing the results of the work�ow to identify eligible studies.
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Figure 2

Forest plot diagram showing VAS scores at day 1, 3 and 7 of Invisalign treatment versus Fixed appliances. Mean effect size
estimates have been calculated with 95% con�dence intervals and are shown in the �gure. Area of squares represents sample
size, continuous horizontal lines and diamonds width represents 95% con�dence interval. Blue diamond center and the vertical
red dotted line represent the overall pooled estimate.

Figure 3
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Forest plot diagram showing VAS scores at 1 day of Invisalign with Standard material (before 2013) and with SmartTrack (after
2013) treatment versus Fixed appliances. Mean effect size estimates have been calculated with 95% con�dence intervals and
are shown in the �gure. Area of squares represents sample size, continuous horizontal lines and diamonds width represents
95% con�dence interval. Blue diamond center and the vertical red dotted line represent the overall pooled estimate.

Figure 4

Forest plot diagram showing VAS scores at 3 day of Invisalign with Standard material (before 2013) and with SmartTrack (after
2013) treatment versus Fixed appliances. Mean effect size estimates have been calculated with 95% con�dence intervals and
are shown in the �gure. Area of squares represents sample size, continuous horizontal lines and diamonds width represents
95% con�dence interval. Blue diamond center and the vertical red dotted line represent the overall pooled estimate.

Figure 5

Forest plot diagram showing VAS scores at 7 day of Invisalign with Standard material (before 2013) and with SmartTrack (after
2013) treatment versus Fixed appliances. Mean effect size estimates have been calculated with 95% con�dence intervals and
are shown in the �gure. Area of squares represents sample size, continuous horizontal lines and diamonds width represents
95% con�dence interval. Blue diamond center and the vertical red dotted line represent the overall pooled estimate.
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