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Discomfort associated with Invisalign and traditional brackets:
A randomized, prospective trial

David W. White®; Katie C. Julien®; Helder Jacob®; Phillip M. Campbell?; Peter H. Buschang®

ABSTRACT

Objective: To evaluate differences in discomfort levels between patients treated with aligners and
traditional fixed orthodontic appliances.

Materials and Methods: This blinded, prospective, randomized equivalence two-arm parallel trial
allocated 41 adult Class | nonextraction patients to either traditional fixed appliance (6 males and 12
females) or aligner (11 males and 12 females) treatment. Patients completed daily discomfort
diaries following their initial treatment appointment, after 1 month and after 2 months. They
recorded their levels of discomfort at rest, while chewing, and while biting, as well as their analgesic
consumption and sleep disturbances.

Results: Both treatment modalities demonstrated similar levels of initial discomfort. There were no
significant sex differences. Patients in the traditional fixed appliances group reported significantly (P
< .05) greater discomfort than patients in the aligner group during the first week of active treatment.
There was significantly more discomfort while chewing than when at rest. Traditional patients also
reported significantly more discomfort than aligner patients after the first and second monthly
adjustment appointments. Discomfort after the subsequent adjustments was consistently lower
than after the initial bonding or aligner delivery appointments. A higher percentage of patients in the
fixed-appliance group reported taking analgesics during the first week for dental pain, but only the
difference on day 2 was statistically significant.

Conclusions: Patients treated with traditional fixed appliances reported greater discomfort and
consumed more analgesics than patients treated with aligners. This trial was not registered. (Angle

Orthod. 2017;87:801-808.)
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INTRODUCTION

Pain and discomfort are common side effects of
orthodontic treatment.'® Fear of pain is one of the
primary reasons that patients fail to seek orthodontic
care.* Pain has a negative effect on patients’ compli-
ance,® oral hygiene, and missed appointments.® Its
effects on patients’ daily lives is a major reason for
discontinuance of orthodontic treatment.”

The vast majority of orthodontic patients experience
pain while in treatment.' Pain patterns associated with
traditional fixed appliances have been well estab-
lished,"*'"° peaking approximately 24 hours after the
initiation of treatment, and decreasing thereafter.’
While the first week of treatment has been extensively
studied, pain and physical discomfort experienced by
patients further into treatment have not been thorough-
ly investigated.

Since their introduction to the market in 1997 by
Align Technologies, clear aligners have quickly be-
come one of the preferred orthodontic appliances for
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Figure 1. Diagram of patient flow through the study.

patients who are concerned with esthetics. It was
initially shown that traditional braces were approxi-
mately 25% more painful during the first week of
treatment than was Invisalign.”" It was also reported
that pain was greater in patients treated with aligners
than with fixed braces.”? Recently, Fujiyama et al.
showed more pain with fixed appliances than with
aligners but differences were statistically significant at
only some of the time points.'®* None of the previous
studies evaluating pain among aligner patients ran-
domly assigned their treatment modalities, which
increases the likelihood of biased results.

The primary objective of this study was to compare
the discomfort levels produced by traditional fixed
appliances and Invisalign (Align Technology, Santa
Clara, Calif) aligners at multiple time points. Second-
arily, the study sought to compare their effects on pain
medication usage and sleep disturbances.

MATERIALS AND METHODS

The sample was recruited from an ongoing study
conducted by the Department of Orthodontics at Texas
A&M University Baylor College of Dentistry. Based on
the reported effect size for pain,’® power analysis
indicated that 16 patients per group were needed for an
alpha of 0.05 and a power of 95. Of the 240 individuals
who responded to posted recruiting announcements,
184 did not qualify (Figure 1). An additional 15 patients
declined to participate after they were informed that
they could be allocated to either treatment group.
There were 41 patients admitted to the study (17
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Allocated to fixed appliances (n=18)

" Received allocated intervention (n=18)

Lost to follow-up (n=0)

Analysed (n=18)

males, 24 females). The study was approved by the
Texas A&M University Baylor College of Dentistry IRB
(Approval 2012-21-BCD). The patients were recruited
between September 2013 and May 2015.

The patients were allocated using Microsoft Excel
simple randomization (generated by author P.H.B.).
The subjects were enrolled and assigned to the
interventions by K.C.J. and H.J.; data were collected
by D.W.W. This was a two-arm parallel trial, conducted
to determine whether the 23 subjects allocated to the
aligner group experienced the same level of discomfort
as the 18 patients allocated to the traditional group.
Patients had to fulfill the following criteria:

Inclusion Criteria

1. Class | molar and canine relationships

2. Nonextraction treatment

3. Maxillary and mandibular crowding of 4 mm or less

4. No missing teeth (from second molar to second
molar).

Exclusion Criteria

Anterior or posterior crossbites

Anterior or lateral open bites

Severe deep bites

Maxillary overjet exceeding 3 mm

Impacted teeth (other than third molars)

Unwilling to be treated with either Invisalign or
traditional clear braces

o0k WD~

Patients were treated by two clinicians, with one
performing all the ClinChecks and about 90% of the
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bandings and debondings. Those patients in the
aligner group had either a polyvinylsiloxane impression
made or were scanned using an iTero scanner. A
series of removable polyurethane aligners was fabri-
cated using Align Technology’s ClinCheck software. All
composite attachments were placed at the initial
aligner delivery appointment. Patients were given two
sets of aligners and instructed to wear the first set for
22 hours per day for 2 weeks; they changed to the new
set of trays on the 15th day. Evaluation appointments
were scheduled every month. There were no important
changes to the methods after commencement of the
trial.

The traditional fixed appliances consisted of Amer-
ican Orthodontics’ Radiance clear brackets in the
maxillary arch (0.018-inch MBT prescription), and
stainless steel brackets in the mandibular arch. The
mandibular brackets used were a 0.018 X 0.028-inch
Alexander prescription (American Orthodontics, She-
boygan, Wisc). Brackets and tubes were bonded to the
maxillary and mandibular teeth from second molar to
second molar at the same appointment. A sequence of
copper NiTi (0.016-inch and 0.017 X 0.025-inch) and
stainless steel (0.016 X 0.022-inch and 0.017 X 0.025-
inch) wires were used. Because the patients had mild
malocclusions, all the copper NiTi wires could be fully
engaged at the initial appointment. Patients were
scheduled for appointments every month. All treat-
ments were conducted in the research clinic of the
orthodontic department, Texas A&M University Baylor
College of Dentistry.

Assessments were based on daily discomfort
diaries. The first was completed immediately following
initial bonding or delivery of Invisalign trays, and each
day for 7 days. Patients also completed diaries for 4
days after each of their subsequent adjustment
appointments (ie, after 1 and 2 months). Four days
was chosen because patients have been shown
previously to adapt to the pain and discomfort of
orthodontics within the first 3-5 days.>>"

The daily diaries, which consisted of eight questions,
were collected at the adjustment appointments. To
establish a baseline and assess reliability, the first
question asked about the worst discomfort ever
experienced. The next four questions asked about
the amounts of discomfort they were experiencing
currently, the last time they chewed, when they bite
down on their back teeth, and when they bite down on
the front teeth. All responses were recorded on a 10-
cm visual analog scale (VAS), using No Discomfort
and Worst Discomfort as anchors. The VAS was
measured by one blinded investigator (D.W.W.) to the
nearest 0.01 mm using a digital caliper. The secondary
outcomes assessed whether the patient’s sleep was
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affected and the frequency of analgesic consumption.
Four of the 123 diaries were either lost or not returned.

Statistical Analysis

All statistics were calculated using SPSS version 18
software (SPSS Inc, Chicago, lll). Due to skewness
and kurtosis of the results, medians and interquartile
ranges were used to describe the results, and group
differences were compared using the nonparametric
Mann-Whitney test. Significance level for all tests was
set at P < .05.

RESULTS

Based on the first question, both treatment groups
demonstrated strong rating reliability, with intraclass
correlations ranging from 0.917 to 0.986.

Initial Adjustment

Immediately following appliance placement, the
patients in the traditional group reported low levels of
discomfort (Table 1). They then showed significant (P
< .05) increases in discomfort (300%—-500%) that
peaked between the first and third day. The greatest
discomfort was reported when chewing and biting on
the front teeth. Following the peak, there was a gradual
reduction in discomfort over the next 4-5 days, ending
at levels similar to or slightly above those reported at
baseline. Patients in the traditional treatment group
reported significantly more discomfort while chewing
than at rest. They also reported greater discomfort
when biting down on their front than back teeth during
the first few days, but the differences were not
statistically significant.

Aligners produced a similar pattern of discomfort.
Initially, patients reported low levels of discomfort,
followed by slight increases (50%—100%), peaking
after the first or second day. Discomfort levels then
decreased slowly over the rest of the first week. By day
7, patients in the aligner group experienced minimal
discomfort, consistently less than baseline discomfort.

There were no statistically significant group differ-
ences at baseline (Table 1). Between day 1 and day 7,
the traditional group consistently demonstrated greater
discomfort than did the aligner group. Discomfort was
significantly higher in the traditional group during most
of the first week, with statistically significant differences
after 2-3 days.

Subsequent Adjustments

Discomfort after the first and second monthly
adjustments was also consistently less for aligner than
traditional treatment. Many of the group differences
after the first month’s adjustment were statistically
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Table 1. Discomfort (Measured as % of 10-cm Visual Analog Scale [VAS]) Associated With Invisalign and Traditional Orthodontic Treatment at
Initial Delivery or Appliance Placement, Described Using Medians (Med) and Interquartile Ranges (Bold = probability of change < .05)
Day
Baseline Day 1 Day 2 Day 3 Day 4
Question 25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%
Current discomfort
Invisalign 3.3 11.87 171 71 13.59 36.9 8.3 13.08 36.7 46 10.68 39.2 6.1 11.31 20.4
Traditional 4.6 10.62 221 21.0 26.79 46.4 26.8 28.92 46.7 17.0 32.85 53.0 12.8 26.85 54.2
Prob. .564 .138 .073 .039 .029
Last time chewed
Invisalign 1.5 7.57 19.1 85 13.41 271 8.0 15.58 42.2 2.0 9.01 44.2 09 10.28 36.4
Traditional 3.1 8.59 248 30.6 43.00 60.6 31.6 39.20 704 217 46.91 65.1 125 34.76 66.5
Prob. .780 .051 .043 .023 .015
Back teeth
Invisalign 21 9.84 15.7 6.6 10.78 30.3 8.7 14.34 35.3 21  10.12 23.4 0.7 9.13 19.7
Traditional 4.5 14.85 222 258 37.11 57.8 27.3 30.78 426 221 30.75 56.7 10.5 33.82 44.5
Prob. 138 .026 .051 .012 .021
Front teeth
Invisalign 1.6 12.70 232 100 21.19 61.8 11.9 20.33 57.6 43 13.12 58.5 0.5 11.04 35.0
Traditional 4.4 20.18 29.5 386 50.43 60.3 26.0 48.26 66.0 234 46.53 58.8 13.0 23.84 64.0
Prob. 423 .188 .078 .043 .056

significant (Tables 2 and 3). For both groups, the
discomfort levels reported at subsequent adjustments
peaked at much lower levels than after initial bonding
or Invisalign delivery.

The pattern of discomfort after the first and second
monthly aligner adjustments was similar. Baseline
discomfort was generally less than reported at the
initial adjustments and then slowly decreased over the
next 4 days (Figure 2A). With traditional treatment,
baseline discomfort after the first and second month
was generally higher than baseline discomfort after
initial bonding (Figure 2B). Like the aligner group, the
discomfort decreased gradually over the next 4 days.
However, unlike during the first week of treatment,

discomfort did not increase substantially following the
1- and 2-month adjustments. Discomfort after initial
bonding was significantly higher than after the first-
month adjustments for both the Invisalign and tradi-
tional groups.

Analgesic Consumption

Approximately 45% of patients in the traditional
group took medication during the first 2 days, with
numbers decreasing thereafter (Figure 3). The per-
centage of aligner patients taking medication increased
by 11% during the first day and then decreased. While
the percentages of patients taking medication was

Table 2. Discomfort (Measured as % of 10-cm VAS) Associated With Invisalign and Traditional Orthodontic Treatment for the First Month’s
Adjustment, Described Using Medians (Med) and Interquartile Ranges (Bold = probability of change < .05)

Day
Baseline Day 1 Day 2 Day 3 Day 4
Question 25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%
Current discomfort
Invisalign 1.07 6.37 36.53 0.33 5.05 29.27 0.17 4.19 23.46 0.00 3.56 16.58 0.00 2.40 17.85
Traditional 7.62 16.17 37.32 10.83 16.87 33.13 12.81 19.64 29.27 6.67 10.58 19.73 8.38 16.33 21.94
Prob. .081 .045 .041 .087 119
Last time chewed
Invisalign 1.19 5.58 34.07 1.16 5.16 42.76 0.17 419 23.46 0.00 3.58 16.58 0.00 2.40 17.85
Traditional 9.91 23.04 40.88 12.15 20.72 3742 11.33 20.84 3325 7.59 12.93 19.62 9.37 12.70 22.93
Prob. .037 .049 .049 .063 .056
Back teeth
Invisalign 0.36 5.64 16.08 0.29 3.72 22.84 0.28 3.48 13.01 0.00 2.94 11.59 0.00 2.96 12.55
Traditional 6.73 17.49 34.46 11.33 20.62 3249 10.48 21.27 2749 7.90 11.08 17.01 8.84 1291 20.65
Prob. .049 .014 .034 .041 .051
Front teeth
Invisalign 1.68 6.35 38.21 1.77 3.86 41.01 1.70 4.01 21.38 0.17 4.67 11.37 0.30 4.91 15.17
Traditional 7.30 22.33 44.31 8.63 16.14 43.39 11.07 20.13 30.48 8.29 10.64 23,50 8.53 14.85 23.37
Prob. 127 146 0.127 .102 110

Angle Orthodontist, Vol 87, No 6, 2017
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Table 1. Extended
Day
Day 5 Day 6 Day 7
25% Med 75% 25% Med 75% 25% Med 75%
0.0 5.70 11.2 0.2 5.54 16.7 0.0 3.19 13.1
13.7 1783 36.8 103 15.03 263 770 13.80 265
.004 .011 .008
0.0 4.32 17.7 0.2 4.00 15.7 0.0 3.20 104
149 24.05 549 145 2167 345 114 18.80 292
.002 .010 .001
0.0 4.94 12.3 0.2 5.62 12.8 0.0 3.23 10.8
114 2418 386 9.7 2052 305 6.2 1875 26.8
.002 .012 .010
00 836 180 03 6.63 199 00 292 133
15.7 22.64 49.1 5.8 18.16 44.1 7.0 18.08 324
.043 .043 011

consistently greater in the traditional than aligner
group, only the 50% difference on day 2 was
statistically significant. Medications taken after the first
and second adjustments showed no clear pattern and
no statistically significant differences between the
traditional and the Invisalign treatments (Table 4).

Sleep Disturbance

There was no consistent pattern and no statistically
significant intergroup differences in the percentage of
patients who had sleep disturbances during the first
week. The frequency of patients reporting sleep
disturbances decreased from approximately 30% on
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the first day to 15% on the seventh day, with no
significant group differences (Table 5).

DISCUSSION

Discomfort of patients treated with traditional fixed
appliances increased dramatically during the first 24
hours after appliance placement; it peaked after 24-48
hours and then decreased steadily to baseline levels.
Previous studies evaluating orthodontic pain/discom-
fort have also shown marked increases during the first
24 hours, followed by gradual decreases over the
subsequent 6-7 days, to values similar to those
observed at appliance placement."®*'""3 |ncreased
discomfort over the first 24 hours correlates with an
acute inflammatory response. Initial orthodontic forc-
es cause discomfort through compression of the PDL,
which leads to ischemia, edema, and the release of
proinflammatory mediators during the first 24—48
hours. These inflammatory mediators, such as prosta-
glandins (eg, PgE) and interleukins (eg, IL-1B),
sensitize nociceptors in the PDL and lower the
discomfort threshold.’®'” The levels of PgE and IL-1p
found in gingival crevicular fluid peak 24 hours after
initiation of orthodontic force and fall to baseline after 7
days." The gradual reduction in pain observed over
the course of the first week may be attributed to the
decrease of inflammatory mediators in the PDL.

Peak discomfort during the first week produced by
traditional appliances appears to depend on the
archwire used. Patients in the traditional fixed appli-
ances group reported peak discomfort that was
approximately 33% of their worst discomfort imagin-
able. This is similar to levels reported for superelastic
NiTi (29%) and less than peak discomfort reported for

Table 3. Discomfort (Measured as % of 10-cm VAS) Associated With Invisalign and Traditional Orthodontic Treatment for the Second Month’s
Adjustment, Described Using Medians (Med) and Interquartile Ranges

Day

Baseline Day 1 Day 2 Day 3 Day 4
Question 25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%  25% Med 75%
Current discomfort
Invisalign 555 750 2466 438 9.21 2458 316 11.05 2399 1.35 6.60 16.02 1.17 432 18.87
Traditional 11.02 23.26 30.73 1477 2239 3243 1126 19.06 3830 7.04 1515 2570 6.19 1216 26.74
Prob. .169 116 .128 .067 .105
Last time chewed
Invisalign 4.81 847 3287 533 814 2885 435 6.32 2550 2.46 6.85 12.79 1.23 712  20.36
Traditional 10.22 24.15  33.91 743 2339 3559 788 20.77 3215 946 1793 2466 6.98 13.61 25.98
Prob. .259 41 141 .095 .202
Back teeth
Invisalign 288 7.63 2917 3.02 470 29.41 0.33 598 22.04 0.26 3.41 11.64 0.00 1.88 16.78
Traditional 6.90 2127 3435 951 2143 36.74 1120 22.17 3215 6.39 1555 2299 517 1233 23.29
Prob. .220 .094 .076 .060 .068
Front teeth
Invisalign 380 647 3266 517 790 29.06 4.05 9.64 2849 222 6.82 14.32 1.01 6.24 19.92
Traditional 13.8 2596 38.90 12.64 28.99 33.81 9.49 2176 2898 852 1557 26.08 8.16 13.83 21.37
Prob. .185 41 41 193 .220

Angle Orthodontist, Vol 87, No 6, 2017
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Figure 2. Median discomfort levels for (A) aligner and (B) traditional
patients at initial bonding, and 1- and 2-month adjustments when
biting on their front teeth.

nitinol (42%)."# Initial nitinol archwires probably pro-
duce higher peak discomfort than superelastic NiTi
archwires because they produce greater amounts of
force.’®® The current study used 0.016-inch copper
NiTi archwires which, when loaded 2 mm, generate 47
g of force. Classic nitinol generates 180 g of force
when loaded under the same conditions.?®

Traditional fixed appliances produced more discom-
fort during the first week of treatment than did aligners.
While baseline values were similar, discomfort be-
tween days 2 and 7 was significantly higher in the
traditional group. Significantly less pain among aligner

Table 4. Percentages of Patients Who Took Medications for Tooth
Pain After the First-, Second-, and Sixth-Month Adjustments

WHITE, JULIEN, JACOB, CAMPBELL, BUSCHANG
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Figure 3. Percentages of patients who took medications for tooth
pain during the first week.

than traditional patients has been reported previous-
ly.""'* Aligners may produce less discomfort because
they are removable appliances, which are generally
more comfortable than fixed appliances.>?' Removable
appliances provide intermittent forces, which allow the
tissues to reorganize before compressive forces are
reapplied.?

Aligners are also more comfortable than traditional
fixed appliances after the first and second month’s
adjustments. Similar differences have been reported 3
and 5 weeks after appliance delivery.” Reduced
discomfort with aligners can be explained by proin-
flammatory mediators such as IL-1B. Over the short
term, mediators increase sensitization by activating
receptor-associated kinases and ion channels. Over
the long term, they induce the transcriptional upregu-
lation of receptors, leading to hyperalgesia.'” If fixed
appliances cause greater initial discomfort due to an
increased inflammatory response, then it is possible
that patients with fixed appliances have more sensi-
tized nociceptors, which affects their pain perception
following subsequent adjustments.

Both treatments demonstrated less discomfort at the
subsequent than at the initial adjustments, as previ-

Table 5. Percentages of Patients Who Had Sleep Disturbance
From Tooth Pain After the First-, Second-, and Sixth-Month
Adjustments

Day Day
Adjustment Baseline Day 1 Day 2 Day 3 Day 4 Adjustment Day 1 Day 2 Day 3 Day 4
First adjustment First adjustment
Invisalign 6.3 12.5 6.3 6.3 12.5 Invisalign 18.8 18.8 18.8 18.8
Traditional 23.1 16.7 0 7.7 9.1 Traditional 16.7 15.4 7.7 14.8
Prob. 0.191 0.755 0.359 0.879 0.782 Prob. 0.887 0.811 0.390 0.488
Second adjustment Second adjustment
Invisalign 15.4 15.4 8.3 7.7 8.3 Invisalign 23.1 16.7 7.7 8.3
Traditional 9.1 0.0 0.0 0.0 0.0 Traditional 0.0 0.0 0.0 0.0
Prob. 0.642 0.174 0.328 0.347 0.328 Prob. 0.089 0.156 0.347 0.328
Sixth adjustment Sixth adjustment
Invisalign 30.0 40.0 30.0 20.0 20.0 Invisalign 10.0 10.0 0.0 0.0
Traditional 22.2 22.2 0.0 0.0 0.0 Traditional 22.2 12.5 12.5 12.5
Prob. 0.701 0.405 0.090 0.180 0.357 Prob. 0.466 0.867 0.250 0.250
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ously suggested.” Assuming a decrease in the pain
threshold immediately after orthodontic forces are
placed,® the same stimulus should generate less
painful signals months into treatment.

For patients in the traditional group, discomfort while
chewing was significantly higher than at rest. Inflam-
matory mediators, such as substance P, have been
shown to be present in the PDL following initiation of
orthodontic forces.* These mediators are believed to
sensitize the nociceptors in the PDL."™ Chewing could
compress previously sensitized nociceptors and stim-
ulate a more painful signal than at rest. Importantly, this
phenomenon was evident only in the traditional group,
suggesting greater sensitivity of their nociceptors due
to the continuous forces used.

Invisalign’s new SmartTrack (Align Technology,
Santa Clara, Calif) material appears to be more
comfortable for patients than previously manufactured
clear aligner materials. Patients in the aligner group
reported small increases (17% of maximum) in
discomfort that peaked during the first 24 hours and
then decreased to baseline levels at day 7. Miller et al.,
who found a similar pattern between baseline and day
7, reported peak pain values at 40% of maximum."
Although more studies are needed, this supports
Invisalign’s claims that SmartTrack may provide
greater patient comfort than did the original material.?®

Fixed appliances require more pain medication than
aligners. Analgesic consumption closely mirrored the
pattern of discomfort at rest during the first week of
treatment. There was an increase in analgesic con-
sumption during the first 24—48 hours, followed by a
gradual return to baseline levels. Pain medication
intake and pain levels during the first week have been
previously associated." This association was not
evident at subsequent adjustments, perhaps because
patients were in less pain and did not require pain
control.

CONCLUSIONS

- Traditional fixed appliances produced significantly
more discomfort than did aligners.

 During the first 3 days after bonding, there was
significantly more discomfort when chewing than
when at rest for patients treated with traditional
appliances.

- Patients treated with aligners and traditional appli-
ances reported significantly less discomfort at sub-
sequent adjustments than after the initial bonding or
appliance delivery.

« Consumption of analgesics closely mirrored the
levels of discomfort reported by patients during the
first week of treatment.
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