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Effect of clear aligner wear protocol on the efficacy of tooth movement:

A randomized clinical trial

Mays Al-Nadawia; Neal D. Kravitzb; Ismaeel Hansac; Laith Makkid; Donald J. Fergusone; Nikhilesh R.
Vaidf

ABSTRACT
Objectives: To compare the efficacy of orthodontic tooth movement with three aligner wear
protocols: 7 day, 10 day, and 14 day.
Materials and Methods: Eighty patients were randomly allocated into three groups: group A (7-day
changes), group B (10-day changes), and group C (14-day changes). The posttreatment scans
were compared with the final virtual treatment simulations through digital superimposition. The
differences between predicted and actual achieved treatment outcomes were computed in six
angular and six linear dimensions. Differences .0.5 mm for linear measurements and .28 for
angular measurements were considered clinically relevant.
Results: Within groups, and irrespective of wear protocol, all linear discrepancies in both jaws were
deemed clinically insignificant (,0.5 mm) while nearly all angular discrepancies were considered
clinically significant (.2.08). When the three groups were compared, group C (14-day changes)
showed significantly greater accuracy in the posterior segment for maxillary intrusion, distal-crown
tip and buccal-crown torque, and mandibular intrusion and extrusion. The mean treatment duration
in the 7-day aligner change group was nearly half that of the 14-day aligner change group (5
months vs 9 months).
Conclusions: Fourteen-day changes were statistically significantly more accurate in some
posterior movements. However, this difference in accuracy did not exceed the threshold for clinical
significance (.0.5 mm/.2.08). Achieving a clinically similar accuracy between the 7-day protocol
and 14-day protocol in half the treatment time suggests a 7-day protocol as an acceptable
treatment protocol. Clinicians may consider slowing down to a 14-day protocol if challenging
posterior movements are desired. (Angle Orthod. 2021;91:157–163.)
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INTRODUCTION

Clear aligner therapy (CAT) is an accepted mainstay

of orthodontic mechanotherapy.1–5 Studies have eval-

uated the biological,2–4 esthetic,5,6 and psychological7–10

advantages that CAT may provide over conventional

preadjusted edgewise appliances. Although CAT is

fast gaining popularity among care seekers, there are

still unanswered questions regarding the efficacy and

efficiency of these appliances. Evidence-based litera-

ture on the efficacy of Invisalign (Align Technology,

Santa Clara, Calif), and CAT in general, is still in its

incipient stages.9,11–14 In 2009, Kravitz et al.15 evaluated

the accuracy of anterior tooth movement using

Invisalign by comparing the predicted and achieved

tooth movement and reported a mean overall accuracy

of 41%. A recent follow-up to this study by Haouili et

al.16 suggested that the mean accuracy improved to

50% in 2020. In a 2017 retrospective study, Grünheid

et al.3 concluded that Invisalign was able to achieve

predicted tooth positions with high accuracy in non-

extraction cases.
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Invisalign aligners are to be worn 20–22 hours per
day and to be changed sequentially every 7 days as
per current protocols from the manufacturer. Previous-
ly, however, the recommended wear schedule was 14
days. In the literature, there is limited evidence to
support either wear schedule. Drake et al.17 reported
that more orthodontic tooth movement occurred during
the first week than during the second week of aligner
wear. The reduction in tooth movement seen during the
second week was not related to material fatigue.

Only two published clinical trials have investigated
optimal aligner wear protocol. Bollen et al.18 compared
the effects of material stiffness (soft, hard) and
activation time on the patient’s ability to complete a
prescribed series of aligners. The 2-week activation
period almost doubled the likelihood for successful
completion of the initial series of aligners compared
with 1-week activation. A high Peer Assessment
Rating (PAR) score and planned extractions substan-
tially decreased the likelihood that the initial aligner
series would be completed. This study tended to
support 2-week activation time in patients who did
not require premolar extractions. In the second clinical
trial, Clements et al.19 measured the effects of material
stiffness and activation time on the quality of treatment
and dental improvement measured by changes in PAR
scores and the irregularity index. The authors conclud-
ed that there was no significant difference between 1-
week and 2-week aligner change frequency protocols.

The landmark studies of Bollen et al.18 and Clements
et al.19 were performed in 2003 and marked the
beginning of independent prospective clinical research
regarding CAT and Invisalign. Invisalign has continu-
ally improved through the development of new aligner
materials, modifications of attachments, and staging of
tooth movements.16 The exact extent to which new
aligner material influences treatment efficacy still
requires investigation. According to the company’s
internal data, an analysis comparing tooth movement
predictability in 200 cases showed no difference in
predictability or refinement rates between 1- or 2-week
aligner changes.

To date, no independent study has evaluated the
efficacy of tooth movement with different aligner wear
protocols (7 day, 10 day, 14 day). A better under-
standing of the optimal aligner wear protocol would
help both clinicians and patients improve efficiency.
Hence, the purpose of this randomized clinical study
was to evaluate and compare the efficacy of different
orthodontic tooth movements with different aligner
wear protocols (7 day, 10 day, 14 day) by comparing
the predicted treatment outcome vs actual outcome.
The null hypothesis was that there would be no
difference in the efficacy of orthodontic tooth move-

ment with aligners changed every 7 days, 10 days, or
14 days.

MATERIALS AND METHODS

Trial Design

The study was a three-arm parallel randomized
clinical trial with a balanced allocation ratio (1:1:1). This
study was approved by the Institutional Review Board
of European University College (Dubai Healthcare City,
United Arab Emirates), IRB number EUC-IRB-17.2.12.

Sample

One hundred twenty consecutive patients were
assessed for eligibility at a single orthodontic practice
in South Riding, Virginia, USA. The orthodontist (Dr
Kravitz) who prescribed all ClinCheck (Align Technol-
ogy Inc, Santa Clara, Calif) treatment plans was highly
skilled and experienced (Tier-Level Diamond Plus
Provider [formerly Top 1% Elite] with more than 2500
Invisalign cases treated). Prospective participants for
the study were informed about the research and
treatment protocol and provided informed consent to
participate in the study.

Patients were selected based on the following
inclusion criteria: malocclusion to be treated with
Invisalign aligners (SmartTrack) with a total initial
sequence between 17 and 25 aligners, permanent
dentition, good oral hygiene, and no extractions.
Exclusion criteria included the following: use of
auxiliary appliances, oral surgery, and previous ortho-
dontic treatment or dental restorations placed during
treatment. A total of 80 treated patients fit the inclusion
criteria and were then randomized using the Random
function in Excel (Microsoft Office 2019, Seattle, WA)
with a 1:1:1 allocation ratio. The participants were
randomly assigned to one of the following three
groups: group A changed aligners every 7 days; group
B changed aligners every 10 days; and group C
changed aligners every 14 days. The records of five
subjects were not adequate for data collection; hence,
a final sample size of 75 was analyzed (Figure 1; Table
1).

To reduce the risk of bias, the randomization was
undertaken by an author who had not examined any of
the patients; hence, the treating orthodontist was
blinded to the initial allocation. Thereafter, however,
blinding was not feasible for the treating doctor due to
the nature of treatment. Data collectors and outcome
assessors were blinded for analysis.

The stereolithography files of the final stage of each
patient’s virtual treatment plan were exported through
ClinCheck, which represented the predicted tooth
movement. The actual outcome was obtained using
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three-dimensional (3D) intraoral scans (Itero Element,

Align Technology, San Jose, Calif) taken at final

records. The digital models were deidentified and

imported into eModel 9.0 Compare software (GeoDigm

Corporation, Falcon Heights, Minn). The software uses

a best-fit 3D superimposition algorithm allowing for

calculation of differences in linear and angular dimen-

sions for individual tooth positions between the two

models. This software has been previously tested for

reproducibility20 and has been used in previous studies

comparing virtual treatment outcomes to achieved
treatment outcomes.3,16,21–24

The virtual treatment plan models exported from
ClinCheck Pro were segmented to isolate each tooth
as a separate object and compared with the unseg-
mented intraoral scans. Corresponding dental arches
were first aligned globally, and then individual teeth
from a segmented model were superimposed on
analogous teeth of an unsegmented model using a
best-fit algorithm so that differences between tooth
positions could be computed. The differences between
the positions of each tooth in the two digital models
were quantified in the following six dimensions: mesial-
distal, buccal-lingual, occlusal-gingival, tip, torque, and
rotation (Figure 2). Data from the patient’s dentition
were organized into four categories: maxillary and
mandibular anterior and posterior dentition (posterior
dentition included second molars, first molars, second
premolars, and first premolars; anterior dentition
included canines, lateral incisors, and central incisors).

The software used for the superimpositions allowed
researchers to detect differences that were too small to
be clinically relevant. The threshold values were
therefore chosen in reference to the American Board
of Orthodontics (ABO) model grading system as
described by Grünheid et al.3 According to the ABO,

Figure 1. CONSORT flow chart.

Table 1. Sample Distributiona

7 Days

(n ¼ 27)

10 Days

(n ¼ 25)

14 Days

(n ¼ 23)

Demographics

Age, y 36.3 34.3 35.4

Gender (M/F) 7M/20F 12M/13F 11M/12F

Angle classification

Class I 18 15 19

Class II 7 8 3

Class III 2 2 1

No. of aligners

Maxilla 21 22 20

Mandible 19 20 20

Mean treatment time, mo 5 8 9

a F indicates female; M, male.
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alignment discrepancies of 0.5 mm or greater in
marginal ridges and contact points would result in
point deductions. Furthermore, a marginal ridge dis-
crepancy of 0.5 mm equated to a crown-tip deviation of
28 for an average-sized molar. Thus, clinically signifi-
cant discrepancies were set at .0.5 mm for linear
movements and .28 for angular movements.

Statistical Analysis

All data were collected and stored in Excel and
analyzed using SPSS software (version 15.0.1, IBM,
Armonk, NY). Descriptive statistics were computed for
the differences between predicted and actual achieved
tooth positions in each of the six directions. Interval
data were tested for normal intragroup distribution
using the Shapiro-Wilk test. Independent t-tests were
then used to asses intragroup differences. Intergroup
differences were assessed using analysis of variance
and the Scheffe post hoc test. P-values ,.05 were
considered statistically significant.

RESULTS

A comparison of subject demographics suggested
homogeneity (P . .05) of the three samples for group
age and number of aligners per jaw. Heterogeneity (P
, .05) was suggested for gender, Angle classification,
and mean treatment time (Table 1).

In the maxillary dentition, group C (14 day) achieved
significantly (P , .05) higher accuracy compared with
group A (7 day) for posterior intrusion (0.3 mm vs 0.4
mm), distal crown tip (2.88 vs 3.98) and buccal crown
torque (2.88 vs 4.48) (Table 2). In the mandibular

dentition, group C achieved significantly (P , .05)

higher accuracy compared with groups A and B for

posterior intrusion (0.3 mm vs 0.4 mm) and extrusion

(0.2 mm vs 0.3 mm) (Table 2).

Within groups, all linear discrepancies for the

posterior and anterior segments in both the maxillary

and mandibular arches for all three groups were

clinically insignificant (,0.5 mm). In contrast, all

discrepancies for angular movements in both arches

were clinically significant (.28) except for two variables

in group C: mesial rotation (1.98) in the maxillary

posterior segment and buccal crown torque (1.98) of

the mandibular anterior segment (Table 2).

DISCUSSION

In this prospective trial, the three groups (7-day, 10-

day, and 14-day wear) were homogeneous for age and

number of aligners. Heterogeneity (P , .05) was

suggested for gender, Angle classification, and mean

treatment duration. It should be noted that the amount

of interproximal reduction performed or number of

attachments used was decided on a patient-to-patient

basis, although each arch averaged approximately six

attachments and ,1 mm of interproximal reduction.

The mean treatment duration required to finish the

initial set of aligners in the 7-day group (5 months) was,

as expected—almost half compared with the 14-day

group (9 months). This result was significant in lieu of

the findings in this study showing no clinically relevant

differences in accuracy of tooth movement among the

three groups.

Figure 2. Superimposition of digital models to compute differences between predicted and achieved tooth positions. (Left) Global alignment of

posttreatment model (white) and final virtual treatment plan model (orange). (Right) Superimposition of individual teeth of final virtual treatment

model (green) and posttreatment model (white) using best-fit surface-based registration.
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Within the groups, there were no clinically significant
linear discrepancies between achieved and predicted
tooth positions (.0.5 mm). In contrast, all angular
movement discrepancies for all three groups were .28

and therefore considered clinically significant (Table 2).
Hence, even with 14-day changes, clinicians must
consider overcorrections to achieve the desired angu-
lar movements. These results agree somewhat with
those of Simon et al.,14 who found that molar
distalization, a linear movement, was predictable.
Incisor torque and premolar rotations, on the other
hand, were more challenging and less accurate.
Although both Grünheid et al.3 and Charalampakis et
al.4 found mandibular incisor intrusion to be an
inaccurate movement (contrary to the findings in this
study), Grünheid et al.3 also found molar torque as well
as mandibular lateral incisor, canine, and first premolar
rotations to be inaccurate, while Charalampakis et al.4

found maxillary canine, mandibular premolar, and
canine rotations; again, all angular movements, to be
most inaccurate. These findings may have been due to
the flexibility of the aligner material, combined with the
nonrigid nature of the aligner to tooth-surface contact,
precluding torsion and tipping control. Attempting
overcorrection in the digital predictions, incorporation

of composite attachment designs and additional
refinement aligners are possible solutions for this
(Table 2).

When the differences between predicted and
achieved tooth movements were compared among 7-
day, 10-day, and 14-day aligner changes, there were
no statistically significant differences for all linear and
angular movement in the anterior segments in both
arches (P . .05). With regard to the posterior segment,
however, group C (14-day change) was statistically
more accurate for intrusion, distal-crown tip, and
buccal-crown torque in the maxillary arch as well as
intrusion and extrusion movements in the mandibular
arch. Although these differences were not clinically
significant, the trend supported greater accuracy in the
14-day protocol, as previously found by Bollen et al.18

This could be due to the larger root surface areas of
molars that require greater control for linear and
angular tooth movements.25 It seemed that aligners
using the same material stiffness in both anterior and
posterior segments would have greater difficulty
delivering loads suitable in the posterior segments.

With the use of mathematical superimposition of
digital models, it has become feasible to quantify
treatment changes and, as in the present study, to

Table 2. Predicted Achieved Differences in the Maxilla and Mandiblea

Movement

Posterior Anterior

Mean

ANOVA

Mean

ANOVA7 Day 10 Day 14 Day 7 Day 10 Day 14 Day

Maxilla

Distal 0.2 0.2 0.2 NS 0.2 0.2 0.2 NS

Mesial 0.3 0.2 0.2 NS 0.3 0.3 0.2 NS

Lingual 0.4 0.4 0.4 NS 0.2 0.2 0.2 NS

Buccal 0.3 0.3 0.2 NS 0.3 0.3 0.3 NS

Intrusion 0.4 0.4 0.3 P , .05 0.3 0.3 0.4 NS

Extrusion 0.3 0.3 0.2 NS 0.4 0.4 0.4 NS

Distal tip 3.9b 2.9b 2.8b P , .05 2.9b 2.6b 2.6b NS

Mesial tip 3.5b 3.0b 2.9b NS 3.5b 3.4b 3.4b NS

Lingual torque 2.6b 2.6b 2.4b NS 3.2b 3.2b 3.1b NS

Buccal torque 4.4b 4.2b 2.8b P , .05 3.1b 2.9b 2.8b NS

Distal rotation 2.3b 2.2b 2.0b NS 2.9b 2.9b 2.9b NS

Mesial rotation 2.4b 2.5b 1.9 NS 3.5b 3.4b 3.3b NS

B. Mandible

Distal 0.2 0.2 0.2 NS 0.2 0.1 0.1 NS

Mesial 0.3 0.3 0.3 NS 0.3 0.3 0.2 NS

Lingual 0.2 0.3 0.3 NS 0.2 0.2 0.2 NS

Buccal 0.4 0.4 0.3 NS 0.3 0.3 0.3 NS

Intrusion 0.4 0.4 0.3 P , .05 0.3 0.2 0.2 NS

Extrusion 0.3 0.3 0.2 P , .05 0.5 0.5 0.5 NS

Distal tip 2.1b 2.2b 2.0b NS 2.9b 3.0b 2.3b NS

Mesial tip 3.7b 3.7b 3.3b NS 4.1b 3.2b 3.3b NS

Lingual torque 2.6b 2.8b 2.1b NS 3.3b 3.3b 3.2b NS

Buccal torque 3.4b 3.1b 2.8b NS 2.0b 2.7b 1.9 NS

Distal rotation 2.2b 2.5b 2.0b NS 2.8b 2.7b 2.9b NS

Mesial rotation 3.0b 3.0b 2.4b NS 3.9b 3.7b 2.9b NS

a ANOVA indicates analysis of variance; NS, not significant.
b Clinically significant (.0.5 mm/.2.08).
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determine differences between virtual treatment simu-
lations and actual treatment outcomes. The software
used in this study (eModel 9.0 Compare software) was
able to quantify differences between objects with
respect to six degrees of freedom. The software
calculated differences automatically, without being
influenced by potential operator bias. However, this
method measured only intra-arch discrepancies and
did not measure interarch relationships, such as
overbite, overjet, and occlusal contacts.

The findings in this study seemed to suggest that a
7-day protocol was generally sufficient as there was no
clinically significant difference compared with a 10-day
or 14-day protocol. A 7-day protocol did, however,
significantly reduce treatment duration. It could be
suggested that, for those cases requiring complex
movement of posterior teeth, a 14-day change of
aligners may be beneficial. In the near future,
personalized aligner change protocols may be used
to enhance aligner efficiency.26,27

Limitations

A limitation of 3D superimposition was the lack of
stable anatomic structures on the predicted models, as
stereolithography files exported from ClinCheck con-
tained only the clinical crowns and virtual gingiva. In
addition, the ClinCheck plan was simply a visual
representation of force systems, rather than a true
prediction of final tooth position; hence, the predicted
tooth position may not have actually been the one
desired.16 Patient compliance and inaccuracies from
the clinician during attachment placement and inter-
proximal reduction may also have affected tooth
movement. This study also relied on the clinical
decisions made by one (albeit experienced) orthodon-
tic provider and may not be externally valid for all
orthodontists, who vary in their preferences for tooth-
movement sequencing, attachment design, and extent
of overcorrections. Finally, the patients in this sample
had an initial number of aligners between 17 and 25
and short treatment durations, thus indicating relatively
simple treatments. The results may have differed if
more difficult cases, with more challenging tooth
movements, were included.

CONCLUSIONS

� Within groups, all linear discrepancies demonstrated
clinically insignificant differences (,0.5 mm). In
contrast, nearly all angular discrepancies were
clinically significant (.2.08).

� The 14-day wear protocol showed statistically greater
accuracy for some posterior tooth movements:
maxillary intrusion, distal-crown tip, and buccal-
crown torque as well as mandibular intrusion and

extrusion. None of them exceeded the clinically
significant threshold (.0.5 mm or .28).

� Achieving a clinically similar accuracy between the 7-
day protocol and 14-day protocol in half the treatment
time suggests that a 7-day protocol is an acceptable
treatment protocol.

� However, if challenging posterior tooth movements or
angular movements (ie, torque, tip, and rotation) are
required, the 14-day protocol should be considered.
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