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Featured Application: Clear aligners are associated with significantly less pain than fixed
appliances during the first seven days of orthodontic treatment.

Abstract: We aimed to compare the pain discomfort levels between clear aligners and fixed appliances
at multiple time points. Four electronic databases (Pubmed, Medline, CENTRAL and Scholar) were
searched up to May 2020. There were no year or language restrictions. Randomized clinical trials
and case–control studies comparing pain perception through pain visual analog scale (VAS) in
patients treated with clear aligners and with fixed 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 and analgesic consumption were collected.
Random-effects meta-analyses were used to synthesize available data. Following the review protocol,
five articles met the inclusion criteria and were included, with a total of 273 participants (177 females,
96 males). Overall, clear aligners were associated with significantly less pain than fixed appliances
during the first seven days of orthodontic treatment. Patients treated with clear aligners experience
less pain discomfort than those treated with fixed appliances and consume less analgesics, with SORT
A recommendation.

Keywords: clear aligners; fixed appliances; pain perception; VAS (visual analog scale) scale; systematic
review; meta-analysis

1. 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].

In 1945, Kesling introduced the concept of clear aligners, that aimed to stress minor tooth
movement, usually at the end of orthodontic treatment or to treat minor alignment relapse [4].
Since 1998, clear aligners have become popular and quickly the preferred orthodontic appliances for
patients with high esthetic demands [5,6]. In addition, mechanical tooth movement is associated with
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cognitive, affective and behavioral responses [7] and periodontal mechanoreceptors and chewing
muscles (as source of pain receptors) also contribute to pain experience [8,9].

Clear aligners are esthetically more appealing than fixed appliances with brackets and wires [1]
and patients benefit by being able to have full access to remove clear aligners to eat and for oral
hygiene. Still, patients treated with clear aligners have better periodontal health than those with fixed
appliances, and they promote better compliance with oral hygiene in teenagers [10–12].

Moreover, pain experience after initial archwire placement in fixed appliances is well established,
comparing multistrand stainless steel and superelastic NiTi archwires [13–20]. However, the difference
in the pain perception of clear aligners compared with fixed appliances remains unclear. A recent
systematic review concluded that orthodontic patients treated with Invisalign appear to feel lower levels
of pain than those treated with fixed appliances during the first few days of treatment, however they
were not able to synthetize the magnitude of this difference [21].

Patients choose clear aligners in hope that these appliances will have low impact on their quality
of life [22]. Therefore, it becomes relevant to evaluate whether there is a difference in pain perception
between fixed appliances and clear aligners. In this sense, we may contribute to a more grounded
decision by the patient and the clinician.

Our main objective in this systematic review was to compare the discomfort levels between clear
aligners and fixed appliances. Second, we analyzed analgesic consumption difference between the
aforementioned orthodontic appliances. The review PICO research question is “Do clear aligners
have less pain discomfort impact than fixed appliances treatment in orthodontic patients?”, with the
following statements: orthodontic patients (patients—P); clear aligners (intervention/exposure—I);
fixed appliances (comparison—C); pain discomfort (outcome—O). Our null hypothesis was that clear
aligners cause similar pain perception than conventional fixed appliances.

2. Materials and Methods

2.1. Subsection

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 [23] (in detail in Supplementary Table S1) and its extension for abstracts [24].
The protocol was previously defined and has been registered in the International Prospective Register
of Systematic Reviews (PROSPERO; CRD42019124534).

2.2. Eligibility Criteria

Studies were eligible for inclusion based on the following criteria:

1 Clear aligners treatment comparing with fixed appliances and determined pain discomfort
through pain visual analog scale (VAS) at multiple time points;

2 Randomized and non-randomized studies;
3 Studies in humans.

The exclusion criteria were:

1 Studies reporting results emerging from questionnaires;
2 Studies lacking control;
3 Retrospective studies;
4 In vitro and animal studies;
5 Case reports/case series;
6 Editorials, opinions, narrative reviews and technique description articles, without reported sample.
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2.3. Search Strategy

A total of four electronic databases (Pubmed, Medline, CENTRAL and Google Scholar) were
searched systematically until May 2020. 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 fixed appliance). The reference
lists of included articles and relevant reviews were manually searched. Gray literature was searched
using the latter strategy in OpenGray (www.opengrey.eu).

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 fixed appliances and clear aligners at multiple time points. Final selection of
studies was performed by three authors independently (VM, DP, JB) and verified by a fourth and
fifth 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 predefined 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 fixed appliances and analgesic consumption. Final
data were reviewed by a third author (JB).

2.6. Risk of Bias of Included Studies

Risk of bias (RoB) 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 (DP). RoB of RCTs was assessed with the Cochrane
RoB2 tool [25]. 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 fulfilled)
were arbitrarily considered to be of low RoB, studies with 5 to 6 stars were of medium RoB and studies
with less than 5 stars were of high RoB. 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. [26] procedure was used, under the assumption of normal distribution.
All statistical analyses were performed in R version 3.4.1 (R Studio Team 2018, Boston, MA, USA) using
a DerSimonian–Laird random-effects model [27]. All random-effects meta-analysis and forest plots
were performed using ‘meta’ package [28].

First, pain discomfort through VAS score of clear aligners versus fixed appliances was appraised
through DerSimonian–Laird (DS) random-effect analysis. Of the included studies, the percentage
of analgesic consumption was also carried out, through binary random-effects analysis. 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 [29]. All tests are
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two-tailed with alpha set at 0.05, except for the homogeneity test whose significance level cutoff will
consider to be 0.10 due to the low power of the χ2 test with a limited amount of studies.

2.8. Strength of Recommendation

The SORT (strength of recommendation taxonomy) was used to judge the strength and quality of
the evidence [30]. We discussed the outcomes of the present systematic review, clinical recommendations
and future necessary research.

3. Results

3.1. Study Selection

From the databases and other sources, the initial search resulted in a total of 98 record, resulting in
58 after duplicates removal. Following title and abstract screening, 23 studies were selected for full-text
evaluation. Nevertheless, after full-text eligibility assessment, 18 studies were excluded (in detail
in Supplementary Table S2). Therefore, the meta-analysis was performed on the basis of 5 articles.
The flow chart of study selection together with reasons for exclusion is provided in Figure 1.

Figure 1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) flowchart.

3.2. Study Characteristics

Three prospective studies evaluated the pain discomfort of clear aligners through the comparison
with fixed appliances. A total of 273 participants (177 females, 96 males) were included. The characteristic
of the participants is shown in Table 1.
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Table 1. Included studies characteristics.

Study Country N (F/M)
Participants Outcome Funding
CA FA

Miller (2007) [31] USA 60 (43/17) 33 27

Adults treated with Invisalign
aligners experienced less pain
and fewer negative impacts on
their lives during the first week
of orthodontic treatment than

did those treated with
fixed appliances

NR

Shalish (2012) [32] USA 68 (45/23) 21 47

The Invisalign patients
complained of relatively high
levels of pain in the first days
after insertion; however this

group was characterized by the
lowest level of oral symptoms

and by a similar level of
general activity disturbances

and oral dysfunction compared
to the Buccal appliance.

NR

White (2017) [6] USA 41 (24/17) 23 18

Patients treated with traditional
fixed appliances reported

greater discomfort and
consumed more analgesics than
patients treated with aligners.

Partially funded by
the Robert E. Gaylord

Endowed Chair in
Orthodontics and by

Align Technology

Almasoud (2018) [33] Saudi Arabia 64 (42/22) 32 32

During the first week of
orthodontic treatment, patients
treated with Invisalign aligners
reported lower pain than did

those treated with passive
self-ligating fixed appliances.

NR

Piergentili (2019) [34] Italy 40 (23/17) 20 20

Therapy with traditional fixed
orthodontics appliances caused
more discomfort to the patients,

than clear aligner therapy

NR

CA—clear aligners; FA—fixed appliances; USA—United States of America; NR—not reported.

3.3. Risk of Bias within Studies

One RCT was included and was assessed as having some concerns of risk of bias [6] (Figure 2).
Table 2 (NOS scale scores) shows the risk of bias assessment for the included studies and all four
studies were considered of low risk of bias [31–34].

Figure 2. RoB2 assessment. R—bias arising from the randomization process; D—bias due to deviations
from intended interventions; Mi—bias due to missing outcome data; Me—bias in measurement of the
outcome; S—bias in selection of the reported result; O—overall risk of bias.

Table 2. NOS (Newcastle–Ottawa Scale) score for case–control studies.

Selection Comparability Outcome
TOTAL

1 2 3 4 5 6 7 8 Score

Miller (2007) [31] a a a a a a a a 8 Low
Shalish (2012) [32] a a a a a a a a 8 Low

Almasoud (2018) [33] c a a a a a a a 7 Low
Piergentili (2019) [34] a a a a a a a a 8 Low

1-case definition adequacy; 2-representativeness of the cases; 3-selection of controls; 4-definition of controls;
5-comparability of cohorts on the basis of the design or analysis; 6-ascertainment of outcome; 7-save method of
ascertainment for cases and controls; 8-nonresponse rate.
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3.4. Synthesis of Results

Data from three studies including 273 patients reported pain discomfort through VAS score of
clear aligners versus fixed appliances [6,31–34]. Four studies provided data on a daily basis [6,31,32,34],
while one had data for pain discomfort at day 1, 3 and 7 after [33].

Clear aligners promote lower pain experience than patients using fixed appliances, and the
difference is statistically significant for 1, 3, 6 and 7 days of follow-up (Table 3). The overall pain
experience also favored clear aligners. Funnel plot analysis revealed no publication bias (Figure 3).

Table 3. Subgroup meta-analysis of VAS score from 1 to 7 days of follow-up.

Subgroup Meta-Analysis n MD 95% CI p-Value I2 (%) Tau p-Value

Day 1 6 1.07 (0.00; 2.13) <0.001 84.9 1.16 <0.001

Day 2 5 0.60 (−0.20; 1.41) >0.05 80.7 0.77 <0.001

Day 3 6 1.25 (0.32; 2.17) <0.001 83.0 0.99 <0.001

Day 4 5 0.79 (−0.07; 1.65) >0.05 83.8 0.84 <0.001

Day 5 5 0.62 (−0.13; 1.37) >0.05 83.7 0.71 <0.001

Day 6 5 0.76 (0.31; 1.21) <0.001 67.6 0.38 <0.001

Day 7 6 0.79 (0.37; 1.22) <0.001 64.2 0.36 <0.001

Overall 6 0.33 (0.45; 1.57) <0.001 80.5 0.58 <0.001

Test for subgroup differences (random effects model): Q = 1.62, p = 0.9514. MD–Mean Difference.

Figure 3. Funnel plot. The outer dashed lines indicate the triangular region within which 95% of
studies are expected to lie in the absence of both biases and heterogeneity (fixed effect summary log
odds ratio ± 1.96 × standard error of summary log odds ratio). The dashed vertical line corresponds to
no intervention effect. The distribution gives a clear visual impression of symmetry, which is confirmed
by a p > 0.05.

A detailed number of analgesic consumption at day 1, 3 and 7 after, were reported in three
studies [6,31,33]. Overall, patients treated with clear aligners have significantly less analgesic
consumption compared with fixed appliances group control, one day and seven days after treatment
beginning (Table 4). Overall, patients with fixed appliances consume more analgesics at the beginning
of treatment.
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Table 4. Subgroup meta-analysis of Analgesic consumption at 1, 3 and 7 days of follow-up.

Subgroup Meta-Analysis n OR 95% CI p-Value I2 (%) Tau p-Value

Day 1 3 0.15 (0.04; 0.50) <0.001 84.9 49.3 0.14

Day 3 3 0.75 (0.11; 5.10) <0.001 83.0 81.0 <0.001

Day 7 3 0.23 (0.52; 0.99) <0.001 64.2 0.0 0.79

Overall 3 0.30 (0.12; 0.72) <0.001 80.5 58.8 0.01

Test for subgroup differences (random effects model): Q = 1.97, p = 0.3734. OR–Odds Ratio.

3.5. Synthesis of Results

According to the SORT recommendation, the evidence revealed that clear aligners produce less
pain experience than fixed appliances, based on consistent findings of at least two good-quality
meta-analyses that obtained significant results (SORT A) [30].

4. Discussion

4.1. Summary of Main Findings

This systematic review demonstrate that clear aligners are significantly associated with less pain
rather than fixed appliances during the first week of orthodontic treatment, with an overall SORT A
recommendation. Clear aligners patients present less risk of analgesics consumption compared to
patients with fixed appliances and present significant 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 one of them lack sample size calculation [31].
As well, there are a diversity of fixed appliances description since one did not refer the type of buccal
fixed appliances [31], one used self-ligated fixed appliance [33], three used a twin-bracket fixed
appliance [6], and one also had lingual brackets [32,34]. Though passive self-ligating systems result
in minor periodontal ligament ischemia and therefore less discomfort [35], literature evidences that
pain experience in the beginning of treatment is independent of bracket type [36–38]. The type and
size of archwires were described in four studies [6], though they differed in type and size among
them, which is also a limitation worth mentioning. Nevertheless, previous studies have found no
significant differences in the pain perception using different archwires types [36,39,40]. Furthermore,
Piergentilli et al. [33] have placed the fixed appliance exclusively in the maxillary arch during the first
week of treatment, and this may explain also the observed heterogeneity.

Moreover, only one study [6] performed random selection, while the remaining four [31–34] did not
randomly assigned the treatment modalities due to their cohort design nature. 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 [32]. This difficulty 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. Notwithstanding, the RCT included in this review [33] lacked allocation
concealment contributing to the overall concern on the risk of bias [33]. Allocation concealment is
predictably difficult to achieve in this type of studies in which the intervention is a removable appliance
and its control a fixed appliance.

Additionally, pain experience is a notoriously subjective response and there is a nonlinear
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 [14,17,19,41–44]. A hypothetical limitation would be the fact that there is an unbalanced
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gender ratio. However, gender has no significant effect on orthodontic pain perception [14,17,19,45],
except in adolescents, where females have less pain tolerance than males [46,47].

Finally, placing attachments at the beginning of the clear aligner treatment is relevant for pain
perception because they cause more pressure during the insertion of the aligner. Among the included
studies, Miller et al. [31] did not place attachments, two studies used attachments since they placed
the first aligners [6] and Almasoud [33] delayed the attachments placement until the third set of
aligners. Despite Shalish et al. [33] did not refer the placement of attachments, patients with clear
aligners reported more pain than those using buccal fixed appliances, and alike those using lingual
fixed appliances patients. The reason to this pain experience difference could be a greater mechanical
force caused by the attachment placement, though they should be investigated deeply in the future.
In addition, the importance of the periodontal mechanoreceptors and chewing muscles during clear
aligners tooth movement is a matter to be further investigated.

5. Conclusions

Within the limitations of this systematic review, the results show that patients treated with
clear aligners experience less pain and discomfort than patients treated with fixed appliances. 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 demonstrate unequivocally that clear
aligners are more comfortable than fixed appliances throughout orthodontics treatment.

Implications for Clinical Practice and Research

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

In the main, randomized clinical trials are needed to perform a robust comparison of clear
aligners and buccal fixed 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.

Additionally, the present review encompassed mainly Invisalign® aligners. Future research
should be conducted in different clear aligners systems, to find out if exists significant differences
between different types of clear aligners systems in pain perception and analgesic drugs intake.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/12/4276/s1,
Table S1: PRISMA Checklist, Table S2: List of potentially relevant studies not included in the systematic review,
along with the reasons for exclusion.
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