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Abstract: Objective: The aim of this study was to assess treatment outcomes of the Invisaligh and compare results
with braces. Methods: One hundred and fifty-two adult orthodontic patients, referred to two Orthodontic Specialist
Clinics, were randomized to receive either invisalign or brace treatment. All patients were evaluated by using meth-
ods from the American Board of Orthodontics Phase Ill examination. The discrepancy index was used to analyze
pretreatment records to control for initial severity of malocclusion. The objective grading system was used to sys-
tematically grade posttreatment records. The Wilcoxon 2-sample tests were used to evaluate treatment outcome
of Invisalign and braces. Results: The total mean scores of the objective grading system categories were improved
after treatment in both groups. The improvements were not statistically significant in scores for alignment, marginal
ridges, occlusal relations, over jet, inter-proximal contacts, and root angulation. Invisalign scores were consistently
lower than braces scores for buccolingual inclination and occlusal contacts. Conclusions: The overall improvement
in OGS scores indicate that both Invisalign and fixed appliances were successful in treating Class | adult extraction

cases in this sample.
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Introduction

Since the introduction of the Invisalign system
to the public in 1999, it has become a popular
treatment choice for clinicians because of the
aesthetics and comfort of the removable clear
aligners compared with traditional appliances.
However, there was also a concern has arisen
among dentists regarding the efficacy of
Invisalign treatment. Several studies have
shown significant limitations of this technique,
especially in treating complex malocclusions,
whereas other studies have reported success-
fully treated cases with this removable appli-
ance [1-4]. A systematic review conducted to
determine the treatment effects of the
Invisalign system showed that no strong con-
clusions could be made regarding the treat-
ment effects of Invisalign appliances [5].
Therefore, clinical trials were still required to

investigate the effectiveness of the Invisalign
system.

Djeu [6] conducted the first retrospective study
to compare the outcomes of Invisalign treat-
ment to those of fixed appliances by using the
objective grading system of the American Board
of Orthodontics (ABO) in a case-controlled
study. The results showed that treatment with
fixed appliances was significantly more effec-
tive than treatment with Invisalign. Invisalighwas
least successful in correcting occlusal con-
tacts, posterior torque, and anteroposterior
relationships when compared with these enti-
ties treated with fixed appliances. Others found
the similar results. Chisari and co-workers [7]
reported that only 57% of the programmed
movement of a single incisor was actually
achieved over a course of an 8-week experi-
mental period. In comparison, Kravitz [8]
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Figure 1. Flow chart for participants and dropouts in the trial.

described just a 41% mean accuracy of tooth
movement.

Invisalign treatment of extraction case has
been reported in few studies that demonstrat-
ed successful treatment of four cases of pre-
molar extraction using this appliance [9, 10].
However, a case report of upper first premolar
extractions showed that space closures of
extraction were the result of crown tipping of
the adjacent teeth rather than bodily move-
ment. This led to a need to continue the treat-
ment with a phase of fixed appliance therapy to
achieve the desired tooth movements [11].
Other case studies have indicated that it was
possible to use Invisalign appliances in con-
junction with orthognathic surgery to treat
severe skeletal jaw discrepancies [12, 13].

However, most of past studies have not includ-
ed a control group or used objective methods
to characterize pretreatment malocclusions or
evaluate posttreatment results, leaving some
doubt among clinicians about the suitability of
the appliances. McNamara and others have
stressed the importance of continuing studies
to expand the understanding of the appropri-
ateness of Invisalign [14-16]. In particular,
there has been a paucity of treatment outcome
assessments of Invisalign in case-controlled
settings. This lack of research has made it dif-
ficult for clinicians to objectively characterize
the efficacy of Invisalign relative to standard
fixed appliances. The few articles in the litera-
ture have mainly been case reports and
descriptions of the use of the system [17-21].
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Inclusion criteria were: (1)

patients aged over 18 yrs;

(2) extraction treatment; (3)

patients who consented to
the research procedures and signed an
informed consent; and (4) availability of pre-
and post-treatment dental study models and
panoramic films with good quality; (5) classified
as being severity in complexity with a score of
25 using the Discrepancy Index (DI) of the ABO
phase lll clinical examination; (6) class | occlu-
sion. Individuals were excluded if: (1) they had
undergone previous orthodontic treatment; (2)
they had impacted teeth; (3) they were diag-
nosed concurrently as having systemic diseas-
es; (4) they need for orthognathic surgery.
Individuals who failed to comply with the two-
month follow-up were excluded and classified
as drop-out cases. The intention-to-treat (ITT)
was included in the data analysis.

Blinded

Eligible patients were randomized into two
groups via a computer generated sequence
performed by SAS (Statistical Analysis System):
Invisalign group and brace group. The random-
ization sequences were stored in opaque enve-
lopes by two clinicians who were not involved in
the enroliment, intervention implementation, or
outcome assessments. The outcome asses-
sors and statisticians were blinded to the
allocation.

Before data collection, a power index calcula-
tion determined that 48 patients would be
needed in each group to achieve 80% power. At
last, a total of 182 Invisalign and bracket cases
obtained from four orthodontist in the Second
Affiliated Hospital Zhejiang University School of
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10 categories to objectively score severity
of malocclusion, in according with the

Table 1. Pretreatment Discrepancy Index scores for the
Invisalign and Brace group

Veasurement Invisalign Braces p ABO (www.americanboar.dortho.org). The
Mean SD Mean SD value DI mefasuremen.ts are I!ngual posterior
Overjet 341 1.45 3.43 213 0.56 ‘r’_rOSSb'tel’ CTOWd'”gt’ overjet, CeE_Talomet'
Overbite 153 1.08 1.62 1.32 0.87 'S, occiusion, anterior open bite, over
i ] bite, lateral open bite, buccal posterior
Anterior open bite 0.66 1.11 0.64 1.21 0.90 . .
] crossbite, and other. Points were awarded
Latera_' open bite 032 147 046 185 0.78 for deviations from ideal in each category,
Crowding 5.24 233 505 221 0.86 and the sum of the points gave the DI
Occlusion 3.65 1.87 3.79 134 0.77 score. Accordance to the ABO discrepan-
Lingual posterior crossbite 1.41 1.01 1.36 1.20 0.78 cy index guidelines, a DI score of 7-15 is
Buccal posterior crosshite 0.52 1.13 0.66 1.12 0.92 considered mild, 16-24 is moderated,
Cephalometrics 9.35 3.23 9.80 4.12 0.23 and 25 or greater is severe.
Other 0.45 1.10 0.38 1.02 0.35 )
DI score 26.54 7.58 2819 846 0.92 M€ primary outcome was measured by

Medicine, were planned to participate in the
study. Of the 182 cases retrieved, 152 met the
inclusion criteria, and 76 (45 female and 27
male patients, 35.2+7.3 y) invisaligh who had
treated solely with removable Invisalign appli-
ances and 76 (45 female and 27 male patients,
32.2+8.3 y) braces who were fully treated with
3 M brackets (Gemini brand, 3 M Unitek,
Monrovia, Calif) formed the sample for this
study. The difference in the mean age and gen-
der of subjects in both groups were not statisti-
cally significant. A detailed flowchart is present-
ed in Figure 1.

Treatment procedures

For the invisalign group, the Invisalign treat-
ment protocol used for this sample involved the
insertion of a series of aligners with instruc-
tions for wear 24 hours a day, 7 days a week.
The aligners were changed every 2 weeks.
Malocclusions were corrected with no over-cor-
rection introduced. Inter-proximal reduction
using diamond strips, if need, was undertaken
based on the individual case.

In the brace group, participants received rou-
tine fixed appliance treatment. No additional
anchorage appliance such as headgears was
used during the study period. Elastics were
employed for both groups if necessary.

Outcomes assessment

Pre-treatment records were assessed with the
DI. Pre-treatment study casts and lateral ceph-
alograms were analyzed by measurements in
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the ABO-0OGS. The ABO-OGS was used to
score both pre- and post-treatment mod-
els to determine the outcomes of the Invisa-
lign treatment and braces. The OGS com-
prises eight categories: buccolingual inclina-
tion, occlusal relations, alignment, interproxi-
mal contacts, marginal ridges, occlusal con-
tacts, over jet, and root angulation. All mea-
surements were made manually using an ABO
measure gauge and by a single operator who
was blinded to the type of treatment. Based on
the ABO guidelines, a case that scored more
than 30 points would likely fail, a case that
scored less than 20 points would mostly pass
the phase Il examination, and a case that
scored between 20 and 30 points would be
considered a borderline case and might pass or
fail.

Statistical analysis

In order to test the reliability and reproducibility
of all data, error study analysis were conduct-
ed. 15 patient records were selected randomly,
retraced and remeasured by the same examin-
er at an interval of 2 weeks and then compared
with the original measurements. Correlation
coefficients for the measures were greater
than 0.95, which show a great reliability and
reproducibility.

All statistical analyses were performed with
SPSS13.0 software (SPSS, Califonia). Chi-
square tests were used to determine whether
there were any differences in distributions
between the Invisalign and braces groups with
regard to severity of malocclusion and number
of OGS passing scores. Wilcoxon 2-sample
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Table 2. OGS scores changes in invisalign and brace group

Invisalign Group Brace Group
Measurement T1 T2 T2-T1 Sig T1 T2 T2-T1 Sig
Mean + SD Mean +SD Mean + SD 2 Mean + SD Mean + SD Mean + SD P
Alignment 14.26+3.45 4.35+3.15 -9.91+3.56 .001 *** 1523+3.14 4.73+4.12 -10.50+4.25 .000 ***
Marginal ridges 4.56+2.35 1.81+3.46 -2.75+42.13 .002 *** 5.35+4.36 1.56+2.89 -3.79+1.89 .000 ***
Buccolingual inclination 7.25+1.02 3.70+1.01  -3.55+1.36 .001 *** 8.82+1.98 2.97+1.13 -5.85+2.68 .000 ***
Occlusal contacts 6.13+3.33 4.25+3.32 -1.88+0.13  0.32 NS 7.22+2.20 3.32+4.22  -3.90+1.12 .000 ***
Occlusal relations 6.31+1.36 4.35+1.44 -1.96+1.10 0.068 NS 6.37+2.18 3.40+1.23 -2.93+1.12 .000 ***
Overjet 8.60+2.13 3.83+2.65 -4.77+2.13 0.001 *** 838+1.46 2.68+1.23 -5.7+1.20 .000 ***
Interproximal contacts 1.02+1.56 0.15+4.32  -0.87+1.46 0.000 *** 110+1.22 0.10+3.88 -1.00+0.68 .000 ***
Root angulation 6.84+1.87 2.05+1.58 -4.79+1.45 0.000 *** 6.21+1.46 1.35+1.25 -4.68+2.32 .000 ***
OGS score 54.97+8.33 24.49+745 -30.48+9.23 0.000 *** 58.68+8.36 20.11+6.24 -38.57+8.87 .000 ***

**P<0.05; ***P<0.001; NS indicates not significant.

Table 3. OGS scores reflecting mean points lost for devia- were found post-treatment in both
tion from ideal groups.

Invisali B
Measurement Al L races P value The OGS score and six of the 8 OGS

Mean SD Mean SD

categories had no statistically signifi-

Alignment 991 3.56 -10.50 4.25  0.14 cant differences between the groups.
Marginal ridges 2,75 213 -3.79 1.89 0.21 The 2 0GS categories that had scores
Buccolingual inclination -3.55 1.36 -5.85 2.68 0.002*** with a statistically significant differ-
Occlusal contacts -1.88 0.13 -3.90 1.12 0.000*** ence between the groups were bucco-
Occlusal relations -1.96 110 -2.93 1.12 0.42 lingual inclination and occlusal con-
Overjet 477 213 -5.70 1.20 0.38 tacts, Table 3.

Interproximal contacts  -0.87 1.46 -1.00 0.68 0.87

Root angulation 479 145 -468 232 0.2 According to the ABO, a case can lose
0GS score 3048 9.23 3857 8.87  0.25 only 30 or fewer points to receive a

passing grade. In the Invisalign group,
48 cases received passing grades,
and 24 received failing grades. In the

**P<0.05; ***P<0.001; NS indicates not significant.

tests ascertained whether there was a signifi- braces group, 60 received passing grades, and
cant difference between the groups with regard 20 received failing grades. There was no statis-
to DI categories, DI score, OGS categories, and tically significant difference between the pass-
OGS score. An alpha error of 0.05 was used ing rate of the Invisalign group and the passing
as the level of statistical significance for all rate of the braces group (Table 4). However,
analyses. Invisalign required longer treatment duration

compared to Braces. Invisalign patients were
Result treated for 31.5 months, whereas Braces

o patients required 22 months.
The mean DI scores for the groups were similar,

and there was no statistically significant differ- Discussion

ence between them. The average DI scores

were 18.67 for Invisalign patients and 19.85 The present study was performed to assess

for braces patients (Table 1). There were no treatment outcomes of the Invisalign and com-

statistically significant differences between the pare results with braces in extraction subjects.

2 groups for any of the 10 DI categories. The results revealed that most of OGS catego-
ries had no statistically significant differences

Table 2 showed the results for the pre- and between the groups.

post-treatment comparisons using the OGS

measurements, the mean ranks for all catego- It is not suprised to find that Invisalign treat-

ries improved after treatment. Overall, signifi- ment duration was 44% longer than Brace

cant improvements in the total OGS scores treatment. Those thought the duration for
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Table 4. Number of cases receiving passing
scores (<30 points lost on OGS)

Invisalign Brace P
Pass 48 (66.67%) 60 (75%)
Fail 24 (33.33%) 20 (25%)
Total 72 (100%) 80 (100%) 0.52

Invisalign was shorter than brace was probably
due to the fact that all the patients were nonex-
traction. Our results suggest that Invisalign
treatment might not be quicker than fixed appli-
ances for premolar extraction patients.

The OGS was used to measure post-treatment
patient records to accurately assess treatment
outcome of both therapies. A statistically sig-
nificant improvement in the total OGS scores
was found between the pre- and post-treatment
in both groups. But there was no statistically
significant difference was found between the 2
groups. This improvement indicates that both
appliances provides useful orthodontic treat-
ment of moderate-to-severity malocclusion.

Of the eight OGS categories evaluated, only
occlusal contacts and buccolingual inclination
showed a statistically significant differences
between the groups. Although Invisalign and
fixed appliances had similar scores on align-
ment, marginal ridges, interproximal contacts,
occlusal relationships, overjet and root angula-
tion, braces therapy had significantly superior
scores for correcting buccolingual inclination
and occlusal contacts.

The similar OGS scores between Invisalign and
braces for alignment and interproximal con-
tacts were expected. The removable aligners
are known to consistently produce adequate
space closure of up to 6 mm by progressively
tipping teeth into spaces in small increments.
In terms of alignment, Invisalign has also had
success with straightening arches by derotat-
ing teeth, especially when composite attach-
ments are bonded to premolars. In previous
reports [6, 8], these results were largely anec-
dotal; they have now been confirmed in this
study.

However, the similar OGS scores for marginal
ridges and root angulation were not expected.
The alignment of marginal ridges requires verti-
cal control during tooth movement; braces
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would presumably do this better than remov-
able aligners. Fixed appliances should have an
advantage because of the ability to make pre-
cise wire adjustments within 0.5 mm to intrude
or extrude teeth as necessary; it has been
thought that removable aligners cannot be this
accurate [16, 17]. In our study, it was shown
that the Invisalign and braces groups received
comparable scores for the marginal ridge cate-
gory, indicating that Invisalign indeed can level
arches as well as fixed appliances.

The shared success in achieving good root
angulation was also surprising. Many study
thought that if premolar extraction patients
had been included, the Invisalign cases would
probably have lost more points than the braces
cases for root angulation [9]. Generally, remov-
able aligners can easily tip crowns but cannot
tip roots because of the lack of control of tooth
movement, especially translating roots through
bone. The results of this study, however, indi-
cated no statistically significant difference
between the 2 groups. This finding might be
due to the using of correct attachment could be
very good to control the movement of root of
extraction patients in the sample. This study
confirmed that invisalign could achieve good
result in extraction cases.

Previous studies have agreed that occlusal
relationships and over jet are not successfully
treated with Invisalign alone [4-15]. However,
the result showed that invisalign might be abil-
ity to adequately correct large anteroposterior
(A-P) discrepancies as well as braces. The rea-
son was probably because it is non-extraction
plan in previous studies, however, in this study,
we could use extraction space to adjust overjet
and with the mastering of the doctor to the
invisalign technology, we can better use the
invisalign to control teeth movement.

The occlusal contact and buccolingual inclina-
tion scores for Invisalign were statistically sig-
nificantly worse than for braces. Certain types
of tooth movement, such as extrusion, may be
difficult with Invisalign, which probably makes
adequate occlusal contacts difficult to achieve
using aligners. In addition, the thickness of the
aligners over the occlusal surfaces of the teeth
might interfere with the settling of the occlu-
sion. Therefore, the use of auxiliaries such as
interarch elastics was advocated at the end of
the treatment to obtain better occlusal con-
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tacts. Furthermore, the results indicated that
Invisalign might not sufficiently produce root
torque, especially in the posterior region where
buccolingual inclination is measured. This prob-
lem has been addressed by using the com-
bination technique in conjunction with fixed
appliances.

This study is subject to several limitations. The
sample size of this study was small and the lim-
ited records that fit the inclusion criteria. Thus,
the statistical power to detect differences was
reduced. In addition, because Invisalign is a
relatively new technique, the patients in that
group were the first ones treated by the ortho-
dontist. There have been refinements in the
technique since then, and practitioners have
had 5 years of additional experience. On the
other hand, the braces group included patients
treated by the orthodontist after decades of
experience. Any technique requires a learning
curve, and treatment outcome is only as good
as the operator’s proficiency, no matter what
appliance is used. Therefore, the patients in
the braces group might have had an inherent
advantage over those in the Invisalign group
because of differences in the orthodontist’s
experience between the types of treatment.

Conclusions

1. OGS scores were similar in both groups for
alignment, marginal ridges, occlusal relations,
over jet, interproximal contacts, and root
angulation.

2. Invisalign OGS scores for occlusal contacts
and buccolingual inclination were not as good
as those for braces.

3. The overall improvement in the OGS scores
indicates that Invisalign appliances as well as
braces were equally successful in treating
Class | adult extraction cases.
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