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Background: Tooth movement with clear aligners does not always follow the computer-generated
treatment plan. The deficiency in tracking increases when the aligners are changed more frequently.
Recently, it has been shown that high-frequency acceleration (vibration) increases the rate of tooth
movement by targeting the periodontal ligament (PDL). Here we hypothesize that brief, daily application
of vibration will increase the efficiency of clear aligner treatment by stimulating cytokines and bone
remodeling factors in PDL without increasing pain or discomfort.
Methods: Sixty subjects were recruited and divided into five groups changing clear aligners at different
time intervals with or without vibration application for 5 minutes per day. After four aligners, scanned
intraoral images and the digital simulation software (ClinCheck) images were superimposed and the rate
of anterior-posterior movement of one lower anterior tooth was measured. We evaluated the level of
cytokines in the gingival crevicular fluid (GCF) at the end of the second aligner, and assessed pain using a
numeric rating scale at days 1 and 3 after each aligner change.
Results: The present study demonstrated that short daily vibration treatment significantly reduced the
time intervals between aligners and the tooth movement tracked more closely to the ClinCheck pre-
diction. This effect was accompanied by higher levels of cytokines and bone remodeling markers in the
GCF and lower levels of pain and discomfort.
Conclusion: Daily vibration treatment produced clinically significant shortening of the time needed for
mandibular incisor anterior-posterior correction with clear aligners.
� 2018 The Authors. Published by Elsevier Inc. on behalf of World Federation of Orthodontists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Clear aligners have become a common treatment option for
many adults and teens seeking to improve their smiles and occlu-
sion while avoiding traditional braces therapy. The approach uses a
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series of clear aligners to slowly move each tooth into the desirable
position. Although this approach significantly improves quality of
care for patients, the limitations, such as regimented compliance,
requiring 22 hours of aligner wear per day, leads to poor patient
compliance. Considering that this discipline needs to bemaintained
during the duration of treatment, the length of treatment becomes
a critical decision factor for prospective patients [1].

The length of clear aligner treatment is controlled by how fast
patients progress from one aligner to another. Most of the clinicians
recommend that patients change their aligners every 2 weeks. This
is based on clinical experience showing that any attempt to increase
the speed of treatment, whether by increasing the magnitude of
tooth movement per aligner, or decreasing the time interval be-
tween aligners, is prone to failure because planned tooth
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movement will become difficult to achieve. Failure to follow the
computer-generated movement is manifested clinically by
poor-fitting aligners that prevent treatment from progressing. This,
otherwise known as “nontracking,” can be attributed to several
factors, such as (1) patients not wearing the aligners for a full
22 hours per day, (2) individual variations in tooth movement, (3)
increased tooth movement demands per aligner, (4) patients pro-
gressing to the next aligner too soon, (5) a suboptimal force delivery
system in the aligners, and (6) varying rates of tooth movement
(from a biological perspective) from person to person, which cur-
rent improvements in material science tried to overcome. Even if all
these factors are addressed, delays in the rate of tooth movement
will prevent progression from one aligner to the next.

Recently, it has been shown that vibration increases the rate of
tooth movement by targeting the periodontal ligament [2,3]. It is
hypothesized that brief, daily application of vibration will increase
the efficiency of clear aligner treatment by altering periodontal
ligament (PDL) metabolism without increasing pain or discomfort.
2. Materials and methods

This randomized, single blinded, multicenter study was approved
by Chesapeake Institutional Review Board, Columbia, MD (Protocol
ID Pro00020519 from February 3, 2016 to February 3, 2018). The
study enrolled 75 subjects divided into five groups of 15 subjects
each composed of both men and women within the age range of 18
and 45 years, with no racial or ethnic predilection, from four study
centers. Sample size calculation was based on previously published
studies [4,5] (with mean of planned tooth movement being 57%with
20% SD). A sample size of 12 was required to achieve a power of 90%
at P ¼ 0.05, and to detect minimal clinically relevant differences of
25% in the planned tooth movement of the experimental group
versus control (57% of planned tooth movement for standard Invis-
align [Align Technology, Inc., Santa Clara, CA] treatment vs. 83% of
planned toothmovement for improved tracking in presence of VPro5
[Propel, Brooklyn, NY]). It was decided to enroll 15 subjects per group
to allow for approximately 20% dropouts from the study.

All subjects were in good general health, and none had received
periodontal therapy during the previous 6 months. Table 1 details
the complete inclusion-exclusion criteria followed in the present
study. All subjects completed routine orthodontic records,
including lateral cephalograph and panoramic radiograph, and
facial and intraoral photographs, and received a periodontal eval-
uation and caries clearance before and during each clinical visit.
Periodontal evaluation of subjects included (based on American
Table 1
Inclusion and exclusion criteria for study participation

Inclusion criteria Exclusion crit

(1) Subject must be 18e45 years of age. (1) Subjects w
(2) Subject is willing and able to comply with all study procedures

and sign Informed consent/HIPAA forms.
(2) Subjects w
such as chron
systemic cort

(3) Subject must have complete adult dentition (excluding third molars). (3) Subjects w
(4) Subjects must have Class I malocclusion or mild Class II/III

malocclusions.
(4) Subjects w

(5) Subject is at least 1 month into aligner treatment. (5) Severe cro
(6) Subject has history of and currently healthy oral hygiene

(probing depth is <4 mm, gingival index <1, and plaque index ¼ 1).
(6) Subjects w

(7) Subjects w
(8) Subjects w
(9) Pregnant
(10) Subjects
(11) Smoking
(12) Subjects
(13) Subjects
(14) Subjects
Association of Periodontists guidelines) full mouth probing depth,
plaque index, and gingival index assessment. In addition, at the
start and end of the study period, intraoral photographs and digital
scans were obtained. The study participants were diagnosed and
found eligible for aligner treatment with Class I or mild Class II/III
malocclusion. Subjects had at least one lower anterior tooth that
required anteroposterior movement of 1 mm, which was not
blocked by adjacent teeth. The target tooth did not receive any
extrusion, intrusion, or rotation correction during the duration of
the study. For the duration of the study period, only the target tooth
was moved with the aligners, as predesigned in the ClinCheck
software (Align Technology Inc., Santa Clara, CA). After identifying
subjects who met the inclusion criteria, the informed consent form
was reviewed and signed. Subjects were randomly assigned to one
of the five groups of 15 subjects using block randomization
(Table 2): 14-day control (changed aligners every 14 days, no vi-
bration treatment); 7-day sham (changed aligners every 7 days, no
vibration treatment); 7-day vibration (received vibration treatment
and changed aligners every 7 days); 5-day sham (changed aligners
every 5 days, no vibration treatment); 5-day vibration (received
vibration treatment and changed aligners every 5 days). All subjects
used four aligners for the study. The aligners were programmed
with 0.25 mm of anterior-posterior movement on the target incisor
and all were made with the (Smart-Track) material from Align
Technology, Inc (Santa Clara, CA). Subjects who were randomly
assigned to groups that included vibration were instructed to use
the VPro5 appliance 5 minutes per day, based on a previous study
showing the osteogenic effect with this applied time duration [6].
Subjects who did not receive vibration were instructed to bite on
the Vpro5 without turning on the machine. The variables in this
study were the time intervals between aligners in the presence and
absence of vibration application. Only the investigators analyzing
the data were blinded to group assignment. At the end of data
collection, all subjects continued to receive aligner treatment until
treatment was completed.
2.1. Application of vibration and compliance

Subjects assigned to the experimental groups using the VPro5
tool were asked to bite comfortably onto the wafer with aligners in
place for a total of 5 minutes per day before sleeping, or for the
longest time that aligners would be in their mouth without
removal, with or without activating the VPro5 tool depending on
assigned group. Subjects reported daily compliance by completing
“compliance forms” that were collected and reviewed at each office
eria

ho have received periodontal treatment in the previous 6 months.
ho are taking medication that could affect the level of inflammation,
ic antibiotics, phenytoin, cyclosporin, ant-inflammatory drugs,
icosteroids, or calcium channel blockers.
ith severe Class II or Class III malocclusion.
ith skeletal Class I but extreme dental malocclusion.

wding that requires extraction.
ith more than 4 mm positive overjet or more than 2 mm negative overjet.

ith extreme deep bite (more than 90%).
ith severe openbite (more than 2 mm).

women.
with any systemic diseases affecting bone metabolism.
.
with active, untreated caries.
who require interproximal reduction or attachments during the study period.
who are noncompliant regarding aligner wear or VPro5 recommended daily usage.



Fig. 1. Schematic of method used to evaluate tracking. Scanned images at the end of
treatment and their corresponding ClinCheck images were superimposed using the
“Automated Superimposition at Best Fit Image” function on ClinCheck software.
Superimposed images were magnified 300%. A line tangent to the labial surface of the
current position of the tooth (red line on gray tooth) and the ClinCheck prediction
(black line on white tooth) were drawn. Contact points between the tangent line and
labial surface of the tooth at both the mesial and distal were marked. The distance
between marked points and counterpart points in the prediction image (ClinCheck)
was measured (white arrows). The average of these two numbers was used to measure
the percentage of tooth movement in comparison with the predicted movement.

Table 2
Status of subject enrollment and demographic characteristics of participants groups

Control 7Sham 7HFA 5Sham 5HFA

Subject enrollment
Patient recruited 15 15 15 5 15
Completed studies 13 13 14 0a 13

Sex
Male 5 4 6 2 7
Female 8 9 8 3 6

Age
Mean (SD) 30.8 (6.9) 28.6 (8.1) 31.8 9 (7.6) 24.7 (6.9) 29.9 (6.8)
Median 28.55 25.7 30.1 23.95 30.65
Range 22.6e44.1 18.5e42.7 19.8e44.7 18.7e33.1 21.3-41-2

Race
White 7 5 7 3 4
Black 1 2 1 0 2
Hispanic 4 2 3 1 5
Asian 1 4 3 1 2

Malocclusion
Class I 10 11 9 5 10
Class II 2 2 3 0 3
Class III 1 0 2 0 1

Initial Mandibular anterior Irregularity (mm) mean (SD) 4.1 (2.4) 4.3 (2.2) 4.9 (2.1) 4.3 (1.8) 4.6 (2.3)

HFA, high-frequency acceleration.
a Discontinued due to nontracking. “Nontracking” refers to actual tooth movement lagging when compared with the digital prediction. As a result, aligner changes were not

possible because of improper fit.
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visit. Subjects with questionable compliance (less than 22 hours of
aligner wear per day or 1 day of no VPro5 application) were dis-
missed from the study. The VPro5 delivered vibration at a frequency
of 120 Hz and an acceleration of 0.03 g.

2.2. Pain assessment

Subjects were asked to report their level of discomfort at days 1
and 3 after aligner use with a numeric rating scale, which is a high
reliability tool comparable with a visual analog scale [7e9]. The
subjects were instructed to choose a number (from 0 to 10) that
best described their pain: 0 indicated “no pain” and 10 indicated
“worst possible pain.”

2.3. Gingival crevicular fluid sampling and protein analysis

Gingival crevicular fluid (GCF) samples were collected from each
subject before the start of aligner treatment (baseline) andat the endof
the second tray, to evaluate different inflammatory and bone remod-
eling markers as previously described [8]. From each side of the target
lower incisor,1.0 to 1.5 mL GCFwas collected and diluted in phosphate-
buffered saline to obtain the 30 mL of sample required for MILLI-
PLEX@MAP assay (MiliporeSiGMa, Billerica, MA) according to manu-
facturer instructions. Briefly, GCF samples were incubated with
antibody-coupled magnetic beads in 96-well microplates for 2 hours,
washed to remove unbound protein, incubatedwith biotinylated anti-
bodies specific for different inflammatory and bone remodeling
markers(30minutes),anddetectedusingfluorescentlylabeledreporter
molecules. Inflammatory and bone remodelingmarker concentrations
in thesampleswerecalculatedbyLuminexMAGPIXxPONENTsoftware
(Luminex, Austin, TX) using a standard curve derived from a recombi-
nantmarkers standard, included in the 96-well plate.

2.4. Measurement of digital images and evaluation of tracking

Digital intraoral scans (iTero Element; Align Technology Inc.,
Santa Clara, CA) were taken at the beginning and end of the study to
assess tracking during treatment using the Invisalign ClinCheck 3.0
software (Align Technology Inc.). Image measurements were per-
formed by investigators blinded to the group assignment of each
subject. Aligner tracking, as a measure of tooth movement, was
examined using the “Progress assessment” feature on the iTero
Intraoral scanner. Software error was assessed by comparing the
initial scanwith ClinCheck at the beginning of the study to measure
the margin of error, and confirmed to be less than 0.2 mm. At the
end of the study, scanned images and their corresponding Clin-
Check images for that stage were superimposed using the soft-
ware’s “Automated Superimposition at Best Fit Image” function.
Superimposed images were saved in an image viewer program and
magnified 300%. A line tangent to the labial surface of the current
position of the tooth and the ClinCheck prediction was drawn.
Contact points between the tangent line and labial surface of tooth
at both the mesial and distal were marked. The distance between
marked points and counterpart points in the prediction image
(ClinCheck) was measured (Fig. 1). The average of these two
numbers was used to measure the percentage tooth movement in
comparison with the predicted movement.

Two examiners completed all image quantifications. Both intra-
observer and interobserver errors were evaluated. Intraobserver
error was evaluated by individual investigators who measured five



Table 3
Percentage of tracking in each group (mean � SD)

Group Tracking (percentage), Mean � SD P

Control 84 � 13a 0.022
7-sham 70� 16 N/A
7-HFA 90 � 14a 0.003
5-sham N/A N/A
5-HFA 84 � 12a 0.022

HFA, high-frequency acceleration; N/A, not applicable.
a Statistically significant differences compared with the 7-sham group.
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superimposed images twice at least 2 weeks apart. Interobserver
error was evaluated using the same set of five superimposed images
measured by a second investigator. The Dahlberg [9] formula was
applied to estimate the random errors and the paired t test was
applied to identify systematic errors according to Houston [10].
Random error for intraobserver evaluation was 0.09 mm and
0.11 mm for the interobserver evaluation, and not statistically sig-
nificant. Systematic errors were also small and not statistically sig-
nificant (P ¼ 0.88 for intraobserver and P ¼ 0.86 for interobserver).

2.5. Statistical analysis

After confirming the normal distribution of samples by the
Shapiro-Wilk test, group comparisons were assessed by ANOVA.
Pairwise multiple comparison analysis was performed with the
Tukey post hoc test. In some experiments, paired and unpaired t tests
were used to compare the two groups. Two-tailed P values were
calculated, and P< 0.05 was set as the level of statistical significance.

3. Results

3.1. Enrollment

Based on the sample size calculations, the plan was to recruit 75
subjects for five study groups; however, due to nontracking and
reports of significant discomfort in 5-sham subjects; this group was
discontinued after five subjects. Therefore, in addition to those five
subjects, only 60 subjects were enrolled in the study and assigned
to control or the remaining three experimental groups, by block
randomization. During the trial, seven subjects were disqualified
due to lack of proper follow-up (two forgot to use the VPro5 as
prescribed, three did not wear the aligners enough hours per day,
and two did not follow instructions on changing aligners at specific
time intervals based on their group assignment) (Table 2).

3.2. Effect of vibration on pain perception

Using the numerical rating scale, a statistically significant decrease
in reported pain and discomfort was observed between the first day of
treatment in the 7-vibration group in comparison with the 7-sham (P
< 0.020) and control (P < 0.034) groups. No significant differences
were observed on the first day of aligner wear among the remaining
groups, including the 5-vibration group. On day 3 of aligner wear, the
7-vibration group reported lower pain and discomfort levels
compared with the 7-sham group, which was statistically significant
(P < 0.026). No difference among the other groups, including the 5-
vibration group, was observed (P > 0.05) (Table 3).

3.3. Markers of inflammation and bone remodeling

The markers, evaluated throughMILLIPLEX@MAP assay, showed
a very striking pattern of expression for cytokines (interleukin [IL]-
1b, tumor necrosis factor alpha, IL-6, IL-1a, IL-7, FLT-3L, and IL-
12P70; Fig. 2A), chemokines (CCL2, CCL3, CCL4, CCL5, and CCL7;
Fig. 2B), factors that participate in control and progress of inflam-
mation (IL-10, IL-8, IL-13, IL-1ra, and IL-4; Fig. 2C), osteoclasto-
genesis and matrix degradation markers (granulocyte colony-
stimulating factor, granulocyte-macrophage colony-stimulating
factor, SCD40L and Receptor activator of nuclear factor kappa-B
ligand; Fig. 2D), and growth factors (epidermal growth factor,
platelet-derived growth factor AA/BB, platelet-derived growth
factor AA; Fig. 2E). In comparison with baseline (concentration of
markers before treatment), the concentration of all these markers
increased significantly in control and 7-sham groups (P < 0.05)
with no significant differences observed between the groups (P >

0.05). Statistically significant increases in the concentration of these
markers were also observed in 5-vibration and 7-vibration in
comparison with baseline, control, and 7-sham (P < 0.05). No sig-
nificant differences were observed between 5-vibration and 7-
vibration groups (P > 0.05).

3.4. Aligner tracking

The control group (no vibration, aligners changed every 14 days)
demonstrated 84% of predicted toothmovement. The 7-sham group
showed lower tracking of 70%, which was statistically significant (P
< 0.022) when compared with the control group. However, when
subjects changed aligners every 7 days and received vibration (7-
vibration), tracking improved significantly to 90% (P < 0.003), but
it was not significantly higher than the control group (P > 0.05).
When the interval between aligners was reduced to 5 days (5-
sham), teeth did not move according to the ClinCheck prediction
and progress in treatment was not possible due to poor aligner
fitting when attempting to change to the second and third aligners.
Therefore, for the subjects’ benefit, their participation in the trial
was suspended. However, when the 5 days group received vibration
stimulation (5-vibration), good tracking was observed (84%) that
was statistically significant than the 7-sham group (P < 0.022) but
insignificant statistically from the control or 7-vibration groups (P>
0.05) (Table 4).

4. Discussion

For years, clinicians have recommended 2-week intervals be-
tween aligner changes, considering that shorter interval of change
would cause nontracking and prevent progress from one aligner to
another. This poor performance could be related to two main fac-
tors: inefficient force delivery system by ill-fitting aligners and
limited biological response. The force delivery system can be
analyzed from two aspects: (1) biomechanically, the efficiency of
creating proper couples and forces to produce different types of
movement, and (2) material properties, the ability of the plastic
aligner material to generate proper force magnitudes. Biomechan-
ically, aligners have demonstrated poor performance in producing
certain types of tooth movement, such as extrusion, intrusion, and
rotation [10], while showing better results with regard to tipping
movements, with reported success in the range of 41% to 62% [5,6].
Therefore, to prevent the biomechanical limitation as a variable in
our study, only tipping movement was compared among groups.
Further studies to investigate the effect of vibratory stimulus using
VPro5 along with aligner treatment on other types of tooth
movement are required.

The switch of the aligner material to Smart-Track has greatly
improved the efficiency of force delivery. This study used aligners
made of this material and found that the change significantly
improved toothmovement to 84% of the ClinCheck predictionwhen
the aligners were changed every 14 days in comparison with pre-
vious reports [5,6]. Yet, it was found that even in the presence of the
best force delivery system, the rate of movement, and therefore



Table 4
Reported pain and discomfort (mean � SD)

Group Discomfort 1st day Discomfort 3rd day

Control 4.19 � 0.71 2.42 � 0.64
7-sham 4.6 � 1.13 2.98 � 1.18
7-HFA 3.39 � 1.35ab 1.96 � 0.9c

5-sham N/A N/A
5-HFA 3.7 � 0.95 2.21 � 0.91

HFA, high-frequency acceleration; N/A, not applicable.
a Statistically significant difference compared with first day of the 7-sham group

(P < 0.020).
b Statistically significant difference compared with the first day of control group (P

< 0.034).
c Statistically significant difference compared with the third day of the 7-sham

group (P < 0.026).

Fig. 2. Expression of inflammatory markers in gingival crevicular fluid. GCF samples were collected at the last day of second aligner usage. Samples were collected from mesial and
distal of the target lower incisor. Mean “fold” increase in concentration of different (A) cytokines, (B) chemokines, (C) factors that participate in progression of inflammation, (D)
osteoclastogenic factors, and (E) growth factors, was compared with baseline (before start of treatment). Each experiment was repeated three times and data are expressed as the
average � SEM of all experiments. * Significantly different from control (P < 0.05).
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progress to the next aligner, was significantly controlled by the
subject’s biological response. If the rate of tooth movement is slow,
it is not possible to progress to the next aligner without increasing
the risk of nontracking. It is known that the rate of movement de-
pends on cytokine activation, which stimulates osteoclasts,
increasing bone resorption facilitating tooth movement [11,12]. It
has also been shown that the rate of cytokine activation and bone
resorption does not always increase linearly with the magnitude of
force, but shows a biological saturation point beyond which a larger
force magnitude will not increase the rate of movement [13]. Based
on these observations, any attempts to decrease the interval be-
tween aligners will not necessarily increase the rate of tooth
movement. This can explain why in our study, decreasing the in-
tervals of aligners to 7 days decreased the magnitude of tooth
movement to 71% of planned movement. This lack of tracking can
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accumulate from one aligner to the next aligner and, if the treat-
ment duration increases, it may be accompanied by a significant
discrepancy from the ClinCheck tooth prediction. Based on this
observation, onemay suggest that to improve tracking, it is better to
decrease the magnitude of tooth movement incorporated into each
aligner. In this study, to be able to compare the rate of movement
between the groups, the planned movement in all groups was
0.25 mm of target movement per aligner. While decreasing the
magnitude of tooth movement per aligner may allow better
tracking in shorter intervals between aligners, it would increase the
number of aligners significantly, which ultimately result in
increasing the total treatment duration. Therefore, a better solution
would be to optimize the rate of tooth movement.

Recently, it has been shown that vibration increases the rate of
tooth movement by directly targeting the PDL and increasing
cytokine and chemokine levels, facilitating activation of osteoclasts,
which then increase the rate of bone resorption and accelerate
tooth movement [2]. The results of the present study agree with
previous results demonstrating that vibrational forces facilitate
orthodontic tooth movement [14]. However, some studies did not
find any change in the rate of tooth movement when using certain
vibrational devices because of difference in properties [15e17],
which cautions us to evaluate the literature on this topic carefully. It
has been shown that acceleration and frequency delivered from
vibrational devices significantly alter the rate of tooth movement
[2]. Similarly, our study demonstrates that the use of vibration
(VPro5) for at least 5 minutes per day was accompanied by higher
levels of inflammatory and bone remodeling markers (Fig. 2). More
interestingly, using the VPro5 device leads to decrease in the in-
terval of aligner wear from 14 days to 7 or 5 days without affecting
the efficiency of the aligners. Indeed, 7-day intervals with vibration
produced slightly better results than 14 days alone, although not
statistically significant. The 5-day with vibration group produced
results similar to the 14 days alone, suggesting that this interval
may be an option for rapid anterior-posterior movement of mildly
misaligned lower incisors.

Although improving the aligner force delivery and improving the
biological response are key factors in optimizing the rate of move-
ment, the aligner fit on the dentition is also important. This agrees
with the observation of clinicians and recommendation of aligner
companies for patients to chew on “Chewies,” small cylinders made
of a spongy plastic-like material, for fewminutes per day to promote
fully seating the aligners to allow efficient delivery of the predicted
forces. In our study, subjects who did not receive vibration were
biting on the rubber wafer of VPro5 for a similar length of time, to
eliminate this variable. The success of VPro5 may be related to the
effect that it may have on fitting the aligner on the dentition. This
may partly explain why the group that changed the aligners every
5 days in the absence of VPro5 (5-sham), could not progress through
the aligners and had to be dropped from the study.

For clinicians and patients, decreasing the time needed between
aligners by 50% represents a welcome improvement in treatment
efficiency. The data presented here demonstrate equal magnitudes
of tooth movement in the subjects treated conventionally (aligners
changed after 14 days) and the subjects treated with vibration for
7 days. Whether this increased efficiency is due to the impact of
vibration on the biological response or on aligner seating, or both,
the data from the present study suggest that adding 5 minutes of
vibration treatment per day is a viable modification to the treat-
ment plan of aligner patients that will shorten treatment while
producing the expected outcome.

Another aspect of aligner therapy that makes the appliance
more attractive for patients is its association with less pain and
discomfort. Although pain is perceived differently from one indi-
vidual to another, this study looked at general perceptions of pain
related to the use of aligners alone or in combination with vi-
bration. Comparative studies have shown that adults treated with
aligners experienced less pain and fewer negative impacts on their
lives during the first week of treatment than did those treated
with fixed appliances [18]. In fact, the patients with fixed appli-
ances took more pain medication during days 2 and 3 of treatment
[19]. In our study, we used a “Numeric Rating Scale” to evaluate
the impact of VPro5 stimulation on pain and discomfort during
aligner therapy. Our results showed that vibration application for
only 5 minutes a day reduced pain and discomfort levels during
the first 3 days of treatment, which is the critical period during
which patients are more likely to take medication. In our study,
none of the enrolled subjects took any medication during the
duration of the study. This is in agreement with previous studies
that have recommended vibrational forces for reduction of sinus
[20], dental [21], musculoskeletal [22], and tooth pain during or-
thodontic treatment [23]. However, some studies reported no
change in the perception of pain with a particular vibrational
device, which emphasizes the differences in vibration produced
by these devices [15,17]. The pain-relieving effects of vibrational
forces including vibration may be achieved by increasing vascu-
larity and reducing areas of ischemia and through activation of
large-diameter sensory nerve fibers [2,24].

Different adjunct techniques have been suggested to have varied
effects on the speed of treatment by Invisalign. Although some
surgical intervention, such as micro-osteoperforation, piezocision,
and corticotomy, have been reported to significantly improve the
outcome of Invisalign treatment [25e27], other techniques, such as
photobiomodulation, did not change the outcome or the results had
no clinical significance [28,29]. Based on our knowledge, this is the
first time that a noninvasive approach, such as vibration, was able
not only to significantly reduce the time of appliance usage but to
also improve the treatment outcome with clear aligners.
5. Conclusion

The present study, which evaluated the efficacy of vibrational
stimulus in patients treated with clear aligners while performing
mandibular incisor alignment, could observe that

1. Vibration stimulation using VPro5 for 5 minutes a day can
reduce the interval between aligner change without affecting
the efficiency of treatment.

2. Vibration stimulation can increase the cytokine and bone
remodeling markers in gingival crevicular fluid.

3. Using VPro5 for 5 minutes per day significantly reduced the
pain and discomfort during the first 3 days of clear aligner
treatment.

The results of this study might have significant clinical impli-
cations by introducing a noninvasive tool that can overcome some
of the limitations of clear aligner treatment. Further studies are
necessary to understand how stimulating the patient’s biological
response may change the efficacy of different force systems or
facilitate the most difficult movements with aligner therapy.
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