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ALIGNER GORNER

This new JCO column is compiled by Contributing Editors Robert L. Boyd, DDS,
MEd, and William V. Gierie, DDS, MS. Every few months, they will address an
area of clear-aligner therapy of interest to our readers. Your suggestions for

future topics or authors are welcome.

In this first installment of the Aligner Corner, the
authors evaluate the efficacy of lower incisor
intrusion using the Invisalign* system. They ob-
tained pre- and post-intrusion lateral cephalomet-
ric records from 30 consecutive adult patients
treated by two experienced Invisalign practition-
ers. All cases involved SmartTrack* material and
two-week aligner change intervals. No bite ramps
were used in any of the patients.

The authors acknowledge that the small
sample size, lack of randomization, and retrospec-
tive design were problems, but they provide thor-
ough data on their intraobserver reliability and

measurement error. Their results show that the
average amount of incisor intrusion obtained with
aligners was 73% of the amount requested. From
this, they devised a formula to aid in predicting the
amount of intrusion that should be prescribed in
the ClinCheck.* I found the data intriguing and
wonder if a sample treated with bite ramps would
show more reliable intrusion.
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*Registered trademark of Align Technology, Inc., Santa Clara,
CA; www.aligntech.com.
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Patients are increasingly requesting esthetic
and comfortable alternatives to conventional ortho-
dontic treatment with brackets and archwires.! To
meet this demand, orthodontic manufacturers have
introduced (or reintroduced) clear plastic brackets,
tooth-colored ceramic brackets and archwires,
lingual brackets, and clear aligners. Esthetic im-
provements in orthodontic appliances are often
associated with reduced efficiency, however, due
to the new materials involved and the need to re-
vise treatment mechanics. To produce an optimal
outcome, the orthodontist must recognize, accept,
and compensate for these changes.

Despite the real or imagined limitations of
clear-aligner therapy, it is the most requested es-
thetic treatment option in many practices. As a
removable appliance, an aligner is useful in pa-
tients challenged by bracket breakage and oral-
hygiene issues.2? Aligner therapy has also been
shown to require significantly fewer visits, a short-
er treatment duration, fewer emergency visits, and
less emergency and total chairtime compared to
conventional edgewise braces.*

Early aligner therapy was restricted to pas-
sive retention or correction of minor crowding and
rotations. Improvements in diagnosis and treat-
ment planning, mechanics, and materials were
needed to treat such routine orthodontic problems
as impacted teeth, severe crowding requiring ex-
tractions, and accompanying occlusal discrepan-
cies. Patient demand for clear aligners (primarily
Invisalign) resulted in an unprecedented involve-
ment of clinicians in the development of new tech-
niques, such as attachments designed for specific
individual tooth movements. Meanwhile, the man-
ufacturer significantly improved its software, clin-
ical support, and aligner materials.
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Incisor Intrusion with Clear Aligners

Proponents of clear aligners believe techno-
logical advances have now enabled predictable
correction of deep overbites.> Depending on in-
dividual case requirements, this necessitates in-
truding the incisors to a level functional occlusal
plane (absolute intrusion), extruding the buccal
segments with little or no intrusion of the incisors
(relative intrusion), or a combination of both. In
Burstone’s view, absolute incisor intrusion is the
treatment of choice for patients with vertical
growth tendencies.© Whether this can be reliably
achieved with clear aligners is still a subject of
controversy.

An integral aspect of Invisalign therapy is
its virtual treatment-planning software, Clin-
Check, which demonstrates the specific tooth
movements required to idealize each patient’s
occlusion and allows the clinician to sequence
these movements to maximize efficiency. Al-
though the software builds in .25mm of intrusion
per tray, experienced Invisalign providers are
acutely aware that virtual ClinCheck treatment
does not always accurately represent clinical re-
sults. To compensate, they usually add a signifi-
cant amount of overcorrection to their virtual
treatment plans. The definitive amounts of over-
correction needed for various tooth movements
have not yet been determined.

Measuring the actual anterior intrusion ob-
tained with Invisalign as a percentage of the
amount requested in ClinCheck, Nguyen and
Cheng reported a mean accuracy of 79%.” In
contrast, Kravitz and colleagues found a mean
accuracy of only 46.6% for lower central incisor
intrusion, causing them to state that “correction
of deep overbite with Invisalign appears unlike-
ly”.8 Rossini and colleagues, in a systematic re-
view of studies relating to orthodontic tooth
movement with clear aligners, determined that
they could be used to treat simple malocclusions
with “light overbite discrepancies”.® These au-
thors concluded that clear aligners can produce
anterior intrusive movement comparable to that
achieved with a preadjusted fixed appliance.

The studies cited above were all completed
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prior to the release of Invisalign’s SmartTrack
aligner material, which was designed to provide
better control and tracking, more constant force,
higher elasticity, more precise aligner fit, and
improved patient comfort.'° This material—com-
bined with precision bite ramps, optimized bite
attachments, and new pressure areas—may offer
a greater potential for opening deep bites.

The purpose of the present study was to
evaluate the efficacy of lower incisor intrusion
with SmartTrack aligners compared to the
amount of virtual tooth movement requested in
ClinCheck. Another goal was to develop a for-
mula for incisor intrusion that could be pro-
grammed into ClinCheck treatment plans.

Materials and Methods

Orthodontic treatment records of 30 con-
secutively treated non-growing adult patients were
analyzed in this longitudinal retrospective study.
Twenty records were from a private practice in
Nashville, Tennessee, and 10 from a private prac-
tice in Minneapolis. Each practitioner had more
than 10 years of experience treating patients with
Invisalign.

In an effort to reduce sample variability, cas-
es were selected using the following criteria:

* Non-growing, non-syndromic adult.

* No previous orthodontic treatment.

* Normal to deep-bite malocclusion.

* Nonsurgical treatment plan.

* Diagnostic-quality pre- and post-treatment lat-
eral cephalograms.

* SmartTrack aligner material only.

* Aligners changed at two-week intervals using
the standard .25mm of intrusion per tray.

* No use of bite ramps or other auxiliary treat-
ment modalities.

Consecutively treated patients meeting these
criteria comprised 11 males and 19 females, with
a mean starting age of 29.4 (range of 18-63).

Landmarks for all cephalometric measure-
ments were located by one investigator and veri-
fied by one of the co-investigators. The vertical
position of the lower incisors was measured in
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relation to the bony structure of the mandible
from lateral cephalometric films taken at T1 (ini-
tial) and T2 (post-treatment). First, the most an-
terior lower incisor (crown tip and root apex) was
identified on the pretreatment cephalogram. To
standardize measurements, the incisor was traced
along this axis using a Steiner Lateral Cephalo-
metric Tracing Template.** The lower border of
the mandible was then traced from the vertical
midpoint of the posterior border of the ramus to
B point, including the internal border of the sym-
physis. Finally, the mandibular plane was traced
as a line tangent to the lower border of the man-
dible. The position of the lower incisor at T2 was
identified in the same manner as at T1. The pre-
treatment tracing was superimposed over the
post-treatment cephalometric tracing, oriented on
the mandibular border and registered on the in-
ternal symphysis landmarks (Fig. 1).

The center of resistance (CR) of the traced
lower incisor was identified as the point halfway
between the crest of the alveolar bone and the root
apex.!! The CR was transferred from the pretreat-

Fig. 1 Sample lateral cephalometric superimpo-
sition used to measure amount of intrusion ob-
tained with clear aligners.

*#*3M Unitek, Monrovia, CA; www.3MUnitek.com.
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TABLE 1
DIFFERENCE BETWEEN REQUESTED AND
OBTAINED AMOUNTS OF INTRUSION

N Mean Median

S.D. Range

30 0.71mm 0.45mm

0.78mm —-0.04-3.10mm

ment to the post-treatment cephalogram. The
distance from CR to the mandibular plane was
measured with digital calipers, accurate to .0lmm,
on a line along the long axis of the tooth. The
distances at T1 and T2 were then compared to
determine the amount of intrusion of the lower
incisor at CR.

To test intraobserver reliability, the lateral
cephalograms were retraced and remeasured four
weeks after the first tracing. The repeated mea-
surements were statistically compared using the
method recommended by Bland and Altman'2 and
the intraobserver agreement index proposed by
Filippi and colleagues':

IX15¢ — X2ndl
100 — —= _=2nc
(015t + xznd)/ 2

The mean intraobserver reliability was found to be
99.98% (95% confidence interval, 99.94, 100) with
a mean arithmetic difference between measure-
ments by the same observer of .00lmm (95% con-
fidence interval, —.055, .057).

The total amount of intrusion requested for
the most anterior lower incisor in ClinCheck,
including any refinements, was obtained direct-
ly from Invisalign. Statistical analysis was used
to compare the amount of actual intrusion ob-
tained to the amount requested in ClinCheck.
The null hypothesis for this study was that the
amount of incisor intrusion requested in Clin-
Check is equal to the amount of incisor intrusion
obtained clinically.

Results

For each patient, the observed intrusion was
recorded and the difference between the requested
and observed values was calculated (Table 1). A
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simple histogram demonstrated that the differ-
ences were not distributed normally, but appeared
to be skewed to the right (Fig. 2). Because the
sample size was nearly the minimum required to
invoke the Central Limit Theorem, and because
hypothesis tests of the mean based on Student’s
t-test distribution are considered unacceptable by
many, a hypothesis test of the mean was conducted
to assess the extent of the differences. Even though
there were nine differences of less than .Imm,
ranging from —.04mm to .06mm, the remaining 21
differences ranged from .18mm to 3.10mm.

A t-test of the mean was then conducted with
an alternative hypothesis: that there is a difference
between the amount of intrusion requested vs.
what is obtained (Table 2). Based on this test, we
could reject the null hypothesis that there is no
difference between the amount of intrusion re-
quested vs. what is obtained. The mean difference
was clearly greater than Omm. In fact, according
to the confidence interval, we could be 95% con-
fident that the indicated interval, starting at
465mm, contained the true mean difference.

Using a least-squares linear model, we can
predict the observed intrusion () for a given re-
quested intrusion (x). We can also create a confi-
dence interval for the predicted value (taking into
account the variation in the data), in the form used
for a 95% confidence interval#:

. 1, —x) )1/2

£ 428, 975) (1 ot an)
where x; is a specified requested intrusion and s
is the square root of the sum of the squared re-
siduals. Note that the further the requested intru-
sion gets from the mean, the larger the confidence
interval becomes, making predictions more pre-
cise in the middle of the requested intrusion data
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TABLE 2
T-TEST VALUES OF ALTERNATIVE HYPOTHESIS*

Test Degrees of Lower 95% Confidence Upper 95% Confidence
Statistic Freedom P Interval Bound Interval Bound
4.981Tmm 29 1.338 x 10-5 0.465mm )

*That there is a difference between the amount of intrusion requested vs. what is obtained.

[any
co

™ T
N B O

Frequency
o

o N B O

1

-0.04-0.00 0.01-0.50 0.51-1.00 1.01-1.50

Intrusion Differences

151-2.00 201-250 251-3.00 3.01-4.00

Fig. 2 Histogram of differences between requested and obtained amounts of intrusion (mm).

and less so toward the upper and lower bounds of
the data.

Assuming a valid regression model, we can
use the inverse function of the regression equation
to estimate the required overcorrection in incisor
intrusion, solving for the independent variable in
the original linear model to obtain:

_x—.6043
= 4023

where x now represents the actual correction need-
ed and y represents the requested correction (in-
cluding overcorrection). This simplified equation
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can therefore be used as a rough estimate for the
amount of intrusion that should be requested in
ClinCheck.

Discussion

The mean amount of incisor intrusion re-
quested in ClinCheck was 2.19mm, but the mean
amount of intrusion obtained clinically was
1.49mm, resulting in a mean difference of .71mm
and a mean intrusion accuracy of 73%. This is
similar to the 79% general intrusion accuracy
reported by Nguyen and Cheng,” but significant-
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ly more than the 46.6% lower central incisor in-
trusion accuracy reported by Kravitz and col-
leagues.® The discrepancy could be attributable
to the development of SmartTrack aligner mate-
rial, which was not yet available for the study by
Kravitz and colleagues. It could also be related
to measurements being made in our sample from
lateral cephalograms instead of virtual models
created from pre- and post-treatment impressions.

Through their years of experience, the two
clinicians involved with our study have learned
to routinely build overcorrection into their Clin-
Check prescriptions. Therefore, the cases ana-
lyzed might have finished ideally regardless of
the lack of intrusion obtained relative to what was
requested. The equation shown above provides a
rough estimate of how much overcorrection
should be requested in a ClinCheck. Further re-
search is needed, however, as the equation was
derived from a limited data set and becomes more
inaccurate as larger amounts of intrusion are re-
quested.

Our sizable standard deviation of .78mm in-
dicates a wide variability in the differences be-
tween requested and obtained intrusion measure-
ments. Of the 30 patients, nine showed a difference
of .Imm or less, demonstrating nearly perfect
tracking on a clinical level. Sixteen of the 30 had
differences of less than .5Smm, an amount that is
likely to be of minimal clinical significance.

The CR of the traced lower incisor, as de-
fined by Profitt and colleagues,!' was used as the
reference point for evaluating true absolute intru-
sion, as proposed by Burstone'> and Kale Varlik
and colleagues.!® Although this method was uti-
lized in an effort to determine absolute incisor
intrusion rather than relative intrusion, it has its
limitations. We assumed that the intrusion of CR
was independent of any change in the axial incli-
nation of the incisor. There is a possibility that
CR could move apically, however, due to procli-
nation of the incisor. Although minimal, this
relative intrusion would make the reported intru-
sion greater than the actual intrusion. CR is also
poorly defined: several sources define it as the
point approximately one-third to two-fifths, rath-
er than one-half, of the distance from the alveolar
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crest to the apex of the tooth.!>!7-19 Using a differ-
ent definition for CR could provide results that
show either more or less accuracy in the measure-
ment of lower incisor intrusion.

This study also had limitations due to its
lack of randomization and its retrospective de-
sign. Selection bias was still possible, even though
consecutively treated patients were chosen from
two orthodontists with extensive clear-aligner
experience, without regard to treatment outcomes.
The issue of patient compliance is still a major
factor in evaluating the effectiveness of aligner
therapy. While the patients were instructed to
change aligners every two weeks, compliance
was not accounted for in this study; the assump-
tion was made that the compliance of the con-
secutively treated patients reflected those of a
standard orthodontic practice. As aligner technol-
ogy continues to develop and more treatment op-
tions—such as bite ramps fabricated into the
aligners or customized rates of intrusion—be-
come available, studies with larger sample sizes
will be needed to refine our proposed equation
and more accurately utilize clear aligners for
lower incisor intrusion.
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