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Orthodontic treatment of openbite and
deepbite high-angle malocclusions

Klaus Hering, DDS, Dr. med. dent.; Sabine Ruf, DDS, Dr. med. dent,;
Hans Pancherz, DDS, Odont. Dr.

Abstract: The aim of the investigation was to assess the effect of orthodontic treatment on dentoskeletal morphology in
children with openbite and deepbite high-angle malocclusion. Subjects (n=54) in the mixed dentition with a hyperdivergent
mandibular plane angle (high-angle, NSL/ML > 40°) were surveyed. Pre- and posttreatment lateral roentgenographic
cephalograms were analyzed. Subjects were divided into three subgroups according to the amount of pretreatment
overbite: < 0 mm = insufficient/no compensation (openbite); 0 - 4 mm = acceptable compensation (normal overbite); > 4
mm = overcompensation (deepbite). Pretreatment, 20% of the high-angle cases exhibited insufficient dentoskeletal
compensation (overbite < 0 mm), and 35% displayed overcompensation (overbite > 4 mm). Influences of habits such as lip
sucking and tongue-thrust swallowing were more common in the openbite group. No major difference in treatment
approach could be found between subgroups. In 82% of the openbite group and 90% of the deepbite group, overbite was
corrected by orthodontic treatment. The mandibular plane angle was unaffected in both groups. The mechanisms of
overbite correction differed between groups. The openbite group exhibited a significant decrease in interjaw-base angle.
Increases in anterior and posterior dentoalveolar heights were comparable. The deepbite group showed no significant
changes in skeletal morphology. The increase in dentoalveolar height was approximately twice as large posteriorly as
anteriorly. The majority of children (80%) with high-angle morphology had a positive pretreatment overbite, thus
exhibiting compensation of jaw-base hyperdivergency. Orthodontic treatment of high-angle malocclusions did not
influence the mandibular plane angle in openbite or deepbite cases. Overbite correction was accomplished by tipping the
maxilla downward anteriorly in openbite subjects, and by controlling incisor eruption in deepbite subjects.
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igh-angle dysmorphology
has been discussed under
umerous headings, such
as clockwise growth rotation, ad-
enoid face, total maxillary alveolar
hyperplasia, vertical maxillary ex-
cess, and long face syndrome.»?3*
High-angle malocclusions are char-
acterized by an increased inclina-
tion of the mandible in relation to
the anterior cranial base, excessive
lower facial height, small posterior
facial height, and large gonial and
mandibular plane angles.'?>*> Ac-
cording to Riedel,® a high-angle
malocclusion is present when the
mandibular plane angle exceeds 38
degrees.

As a result of increased anterior
facial height, many high-angle pa-
tients present with an anterior
openbite (Figure 1).”° However, an
openbite is not necessarily associ-
ated with a long face, and not all
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long-faced patients have an
openbite,'”1% as compensatory
tooth movements and adaptation
of the alveolar processes may mask
the divergency of the jaw-base re-
lationship partially or totally,®13
even resulting in a frontal deepbite
(Figure 2).

Orthodontic treatment of high-
angle malocclusions aims at influ-

encing the vertical development of
the dentoalveolar processes, posi-
tion of the teeth, and the dimen-
sions of the midface structures to
create a functional and stable occlu-
sion.>"1415 However, most clini-
cians agree that malocclusions with
marked vertical facial imbalances
are difficult to treat and maintain.

In the literature, only a small
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number of investigations deal with
the effect of orthodontic treatment
on the dentoskeletal structure in
high-angle individuals. Further-
more, the results of these studies
are often contradictory, perhaps
due to the lack of differentiation
between openbite and deepbite
high-angle cases.>#141517-19
Therefore, the aim of this study
was to investigate the influence of
orthodontic treatment on vertical
dentoskeletal morphology in
noncompensated (openbite) and
compensated (normal or deepbite)
high-angle malocclusions, with
special reference to the change in
mandibular plane angle and to the
mechanism of overbite correction.

Materials and methods
Subjects

One hundred ninety-one patients
in the Department of Orthodontics
at the University of Giessen exhib-
ited a large pretreatment mandibu-
lar plane angle (NSL/ML240
degrees) and had at least all perma-
nent incisors and first molars com-
pletely erupted.

From this subject material, 54 in-
dividuals were in the mixed denti-
tion, had completed orthodontic
treatment (active treatment time
and retention period), and had pre-
and posttreatment lateral head-
films available. The mean pretreat-
ment age was 10.1 years (Table 1).

By analyzing the lateral head-
films, subjects were further divided
into three subgroups with respect
to the amount of pretreatment
overbite as a measure of skeletal
and/or dentoalveolar compensa-
tion of the jaw-base hyperdiver-
gency:

Overbite < 0 mm: insufficient/no

compensation (openbite)

Overbite = 0 - 4 mm: acceptable

compensation (normal overbite)

Overbite > 4 mm: overcompen-

sation {deepbite)

Figure 1

Lateral headfilm of a high-angle subject
(NSL/ML = 43°) with openbite

Roentgenocephalometric
analysis

The pre- and posttreatment lateral
headfilms of each patient were
traced on matte acetate paper and
evaluated cephalometrically by one
investigator (KH). Dual images of
bilateral structures were bisected.
Measurements were performed to
the nearest 0.5 mm and 0.5 degrees,
respectively. No correction was
performed for linear enlargement
(approximately 8% in the median
sagittal plane).

The reference points, reference
planes, and variables used in the
evaluation of the vertical facial
morphology are shown in Figure 3.

Skeletal variables

NSL/ML (degrees): inclination of
the mandibular jaw-base (ML) to
the anterior cranial base (NSL) (=
mandibular plane angle)

NSL/NL (degrees): inclination of
the maxillary jaw-base (NL) to the
anterior cranial base (NSL) (=max-
illary plane angle)

NL /ML (degrees): inclination of
the maxillary jaw-base (NL) to the
mandibular jaw-base (ML) (=
interjaw-base angle)
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Figure 2

Lateral headfilm of a high-angle subject
(NSL/ML = 47°) with deepbite

s-go (mm): distance from sella (s)
to gonion (go) (=posterior total fa-
cial height)

n-gn (mm): distance from nasion
(n) to gnathion (gn) (=anterior to-
tal facial height)

n-spa (mm): distance from nasion
{n) to anterior nasal spine (spa)
(=anterior upper facial height)

spa-gn (mm): distance from ante-
rior nasal spine (spa) to gnathion
(gn) (=anterior lower facial height)

Dentoalveolar variables
is-NL (mm): distance of the tip of
the most extruded maxillary inci-
sor (is) to the maxillary jaw-base
(NL) (= upper incisor height)
ii-ML (mm): distance of the tip of
the most extruded mandibular in-
cisor (ii) to the mandibular jaw-
base (ML) (= lower incisor height)
ms-NL (mm): distance of the me-
sial cusp tip of the maxillary first
molar (ms) to the maxillary jaw-
base (NL) (= upper molar height)
mi-ML (mm): Distance of the me-
sial cusp tip of the mandibular first
molar (mi) to the mandibular jaw-
base (ML) (= lower molar height)
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Table 1
Age distribution pretreatment and treatment time of mixed dentition
high-angle subjects

Figure 3

Cephalometric reference points,
reference lines, and skeletal and
dentoalveolarvariables

Etiologic factors

Habits, including finger sucking,
lip sucking, and tongue-thrust
swallowing, were registered in all
subjects as possible etiologic factors
for the overbite condition.

Appliances and treatment
approaches

Registrations of the different
kinds of appliances (removable
and/or fixed) were made, as well
as the treatment approaches (ex-
traction or nonextraction).

Statistical methods

For each cephalometric variable
the arithmetic mean (mean) and
standard deviation (SD) were de-
termined. To analyze statistical dif-
ferences between various subject
groups, the Student’s-t-test for un-
paired samples was applied. The
level of significance was set at p <
0.05.

Error of the method

To determine the method error
(ME) in the registration of the dif-
ferent variables, the lateral cephalo-
grams of 15 randomly selected
cases were traced and evaluated
twice by the same examiner (KH)
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Age Active Time Total
Overbite before treatment of treatment
(mm) treatment time retention time

(years) (years) (years) (years)
Openbite (<0 mm) 9.6 41 1.7 5.8
Normal overbite (0-4 mm) 10.2 35 1.6 5.2
Deepbite (>4 mm) 10.2 3.9 1.8 5.7
Table 2

Incidence (percentage and number) of habits in 54 high-angle subjects

Mixed dentition

Open Normal Deep

bite overbite bite
(n=11) (n=24) (h=19)
Fingersucking 55% (6) 42% (10) 21% (4)
Lipsucking 27% (3) 21% (5) 37% (7)
Tongue-thrust swallowing 64% (7) 17% (4) 5% (1)

on two separate occasions at least
1 month apart. The method error
was assessed using the formula of
Dahlberg *

>

2n
where d is the difference between
two measurements of a pair and n
is the number of subjects. The
method error did not exceed 0.7
mm for the linear measurements or
0.8 degrees for the angular ones.

ME =

Results

Pretreatment, only 20% of the
high-angle cases exhibited an ante-
rior openbite (overbite < 0 mm),
implying an insufficient/no com-
pensation of the diverging jaw-base
relationship. Acceptable jaw-base
compensation with normal overbite
(overbite = 0 - 4 mm) was found in
45% of the cases, overcompensa-
tion with a deepbite (overbite > 4
mm) could be recognized in 35%.

On average, treatment started
about half a year earlier in the
openbite group (9.6 years) than in
the other groups (10.2 years). The
length of active treatment and re-
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tention was comparable in the three
groups (Table 1).

The occurrence of possible etio-
logic factors for the existing over-
bite conditions are given in Table
2. Lip sucking and tongue-thrust
swallowing were more common in
the openbite group than in the nor-
mal and deepbite groups.

A variety of fixed and removable
appliances was used in the treat-
ment of all three overbite sub-
groups (Table 3). Removable
appliances were used about equally
in all three subgroups. The use of
headgear revealed no real differ-
ences between the groups. Due to
insufficient patient records, no dif-
ferentiation between different di-
rections of traction was possible.
The use of transpalatal bars was
more common in openbite patients.
More than 80% of the patients in
each group were treated with
multibracket appliances. In both
the openbite and deepbite groups,
50% of the patients were treated by
extractions, while nonextraction
therapy predominated in the nor-
mal overbite group (Table 3).



In the closer analysis of the treat-
ment effects on the dentoskeletal
structures and the mechanism of
overbite correction, the openbite
and deepbite groups were com-
pared. Skeletal and dentoalveolar
variables were evaluated sepa-
rately (Table 4).

Skeletal changes

Skeletal changes were assessed
using the angular parameters
NSL/ML, NL/ML, and NSL/NL,
and the linear parameters s-go, n-
gn, n-spa, and spa-gn (Table 4).

In the openbite group, no signifi-
cant changes in mandibular plane
angle (NSL/ML) or maxillary
plane angle (NSL/NL) could be
proven. However, the interjaw-
base angle (NL /ML) decreased sig-
nificantly (p < 0.05) by an average
of 2.14 degrees (Figure 4). Posterior
total facial height (s-go) increased
less (mean: 7.95 mm, p < 0.001)
than anterijor total facial height (n-
gn, mean: 11.19 mm, p < 0.001).The
increase in upper anterior facial
height (mean: 5.50 mm, p < 0.001)
was similar to the increase in lower
anterior facial height (mean: 5.69
mm, p < 0.001).

In the deepbite group, no signifi-
cant changes in mandibular plane
angle (NSL/ML), maxillary plane
angle (NSL/NL), or interjaw-base
angle (NL/ML) were noted (Figure
5). Posterior total facial height (s-
g0) increased less (mean: 9.84 mm,
p < 0.001) than anterior total facial
height (n-gn, mean: 13.55 mm, p <
0.001). The increase in anterior up-
per facial height (n-spa, mean: 5.42
mm, p < 0.001) was less than in an-
terior lower facial height (spa-gn,
mean: 8.13 mm, p < 0.001).

Dentoalveolar changes

Dentoalveolar changes were as-
sessed using the linear parameters
overbite, is-NL, ms-NL, ii-ML, and
mi-ML (Table 4).

In the openbite group, overbite
increased significantly (mean: 2.68
mm, p < 0.001). The openbite was

High-angle malocclusions

Table 3
Distribution of removable and fixed appliances as well as extraction and
nonextraction treatment approaches in the three overbite groups
Overbite groups
Appliances/ openbite  normaloverbite  deepbite
approach (n=11) (n=24) (n=19)
Dental plate without bite-bloc 73% (8) 58% (14) 58% (11)
Dental plate with frontal bite-bloc 26% (5)
Dental plate with lateral bite-bloc 21% (5)
VanBeek-/Headgear-activator 13% (3)
Activator (Andresen Haupl) 18% (2) 4% (1) 32% (6)
Activator with bite-bloc 9% (1)
Herbst-appliance 11% (2)
Headgear 45% (5) 58% (14) 42% (8)
Transpalatal bar 45% (5) 29% (7) 16% (3)
Multibracket-appliance 82% (9) 88% (21) 89% (17)
Chin-cap 27% (3) 5% (1)
Extraction 54% (6) 33% (8) 47% (9)
Nonextraction 46% (5) 67% (16) 53% (10)
Others 27% (3) 38% (9) 26% (5)
corrected in 82% of the cases. There Discussion

was a comparable increase in max-
illary (mean: 3.31 mm, p < 0.001)
and mandibular (mean: 3.77 mm, p
< 0.001) incisor heights as well as
in maxillary (mean: 3.45 mm, p <
0.001) and mandibular (mean: 3.99
mm, p < 0.001) molar heights (Fig-
ure 6).

In the deepbite group, a signifi-
cant decrease (mean: 3.40 mm, p <
0.001) in overbite was found. The
deepbite was corrected in 90% of
subjects. The increase in maxillary
(mean: 4.48 mm, p < 0.001) and
mandibular (mean: 4.81 mm, p <
0.001) molar height was about
twice as large as the increase in
maxillary (mean: 2.13 mm, p <
0.001) and mandibular (mean: 2.68
mm, p < 0.001) incisor height (Fig-
ure 7).

The comparison of skeletal and
dentoalveolar changes in the
openbite and deepbite groups is
given in Table 5. Significant group
differences could be found only for
overbite (p < 0.001) and interjaw-
base angle (NL/ML, p < 0.05).

The Angle Orthodontist

Only subjects without previous
orthodontic treatment were in-
cluded in this study, because such
treatment might have influenced
the vertical development of the
dentoalveolar processes or the di-
mensions of the midface structures.
Additionally, care was taken that
all subjects were of central Euro-
pean origin to avoid major ethnic
differences in craniofacial morphol-
ogy. Furthermore, to exclude
interobserver variation and to
minimize the error of the method,
which was comparable with those
of other studies,>?'2 all lateral
headfilms were traced and ana-
lyzed cephalometrically by the
same investigator.

No sex differences were assessed,
as subgroups would have been too
small for statistical analysis. Be-
sides, with respect to vertical or
sagittal variables,’* previous inves-
tigators couldn’t find differences
between male and female high-
angle subjects.

Although associated with en-
larged lower anterior facial
heights'? and smaller upper ante-
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rior facial heights,' not all long-
faced patients exhibit an openbite.?
This was also the case in the
present subject material, in which
most high-angle cases (80%)
showed a normal overbite (0 - 4
mm) or a deep overbite (> 4 mm)
prior to orthodontic treatment.

The reasons some high-angle pa-
tients exhibit an openbite while oth-
ers show a deepbite are controver-
sial. According to Creekmore, the
adaptability of the dentoalveolar
processes can mask the hyper-
divergency of the jaw-base relation-
ship, while lack of compensation
leads to openbite.'*"* Sassouni and
Nanda® and Fields et al.”® found
that posterior dentoalveolar
heights were increased in openbite
subjects, and Betzenberger et al.”®
described a relative anterior incli-
nation of the maxilla (small NSL/
NL) and a relative decrease in max-
illary and mandibular anterior den-
toalveolar heights in openbite
mixed dentition high-angle sub-
jects.

Habits could influence the adapt-
ability of the dentoalveolar pro-
cesses. In the present subjects,
finger sucking and tongue-thrust
swallowing were more common in
the openbite group. These findings
are in agreement with those of
other authors, who found an asso-
ciation between a frontal openbite
and oral habits.>°162% The inter-
relationship between masticatory
muscle activity and a long-face pat-
tern is not clear.’® However, re-
duced masticatory muscle activity®
or a smaller size? of the elevator
muscles may contribute to develop-
ment of an openbite. This would be
in agreement with Ingervall and
Bitsanis,” who showed that an an-
terior rotation of the mandible can
occur in long-faced children who
underwent training and strength-
ening of the masticatory muscles.

The effects of orthodontic treat-
ment on the skeletal and dentoal-
veolar variables differed when
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Figure 4
Skeletal changes during orthodontic
treatment in the openbite group

Figure 5

Skeletal changes during orthodontic
treatment in deepbite group
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Dentoalveolar changes during orthodon-
tic treatment in openbite group
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Dentoalveolar changes during orthodon-

tic treatment in deepbite group
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Table 4
Changes in skeletal and dentoalveolar variables in openbite (n=11) and deepbite (n=19) groups
Openbite group (n=11) Deepbite group (n=19)
Before After After - before Before After After - before
Mean SD Mean SD Mean Signif. Mean SD Mean SD Mean Signif.
Subject selection
NSL/ML (degrees) 43.41 1.82 42,09 3.03 132 ns. 42.97 3.10 4237 367 060 n.s
Overbite (mm) -1.73 147 095 1.18 2.68 e 511 0.50 1.71 071 -3.40 el
Skeletal
NSL/NL (degrees) 7.27 3.04 8.09 3.60 082 ns 850 274 7.95 3.64 -055 n.s.
NL/ML (degrees) 36.14 2.40 34.00 3.16 -2.14 * 3447 3.83 3442 445 -0.05 ns.
s - go (mm) 67.05 3.18 7500 6.43 795 69.37 4.0 7921 6.96 984 ***
n - gn (mm) 118.36 3.83 129.55 7.68 11.19 bl 119.58 6.28 133.13 8.94 13.55 i
n - spa (mm) 50.36 2.50 5486 3.70 5.50 b 52.11 3.30 56.53 3.92 5.42 oex
spa - gn (mm) 68.00 3.04 74.68 5.64 5.69 e 67.47 340 76.61 5.89 8.13 i
Dentoalveolar
is - NL (mm) 28.75 1.97 32.06 231 3.31 i 3239 1.78 3452 299 2.13 wrx
ms - NL (mm) 2164 1.95 25.09 1.83 3.45 i 21.63 2.00 26.11 277 4.48 b
ii - ML (mm) 4055 2.19 4432 339 3.77 e 4284 2.46 4552 433 2.68 i
mi -ML (mm) 3042 1.52 3441 3.04 3.99 i 3055 1.75 35.36 3.17 4.81 X
***p<0.001; **p<0.01; *p<0.05; n.s. = not significant
openbite and deepbite cases were Table 5
compared. In the openbite group, Comparison of skeletal and dentoalveolar changes in openbite (n=11) and
the interjaw-base angle® could be deepbite (n=19) groups
reduced &gmﬁ;antly durmg.treat- Openbitegroup  Despbite group Group
ment by tipping the maxillary After - before After - before differences
plane downward anteriorly (Figure Mean Mean Significance
4). As the pretreatment incidence. of Subject selection
habits was high in the openbite NSL/ML (degrees) -1.32 -0.60 n.s.
group, it might be hypothesized Overbite (mm) 268 -3.40 b
that the spinal point was displaced Skeletal
upward by finger sucking and NSL/NL (degrees) 0.82 -0.55 ns.
moved downward into its normal NL/ML (degrees) -2.14 -0.05 )
position by orthodontic forces. In $ - go (mm) 7.95 9.84 n.s.
the deepbite group, on the other n - gn (mm) 119 13.55 ns.
pbrte group, n - spa (mm) 5.50 5.42 n.s.
hand, no significant treatment spa - gn (mm) 5.69 8.13 n.s.
Change in the interjaw-base angle Dentoalveolar
occurred (Figure 5). The mandibu- is - NL (mm) 3.31 213 n.s.
lar plane angle was not affected by ms - NL (mm) 3.45 4.48 n.s.
orthodontic treatment in either ii - ML (mm) 3.77 2.68 n.s.
group. mi -ML (mm) 3.99 4.81 n.s.
Regarding the dentoalveolar vari- | «p<0,001;*p<0.01;*p<0.05; n.s. = not significant
ables, similar amounts of incisor

and molar eruption were noted in
the openbite group (Figure 6),
while in the deepbite group, inci-
sor eruption was only about half
that seen for the molars (Figure 7).
This difference in dentoalveolar
changes between the groups prob-
ably reflects the difference in treat-
ment goals and thus the difference
in orthodontic forces used.

The pretreatment overbite condi-
tion (openbite or deepbite) did not
seem to influence the length of
treatment. Furthermore, differ-
ences in appliances or treatment
approaches had no significant im-
pact on treatment outcome, the
overbite being successfully cor-
rected in 82% of the openbite sub-
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jects and 90% of those with
deepbite.

The importance of controlling the
posterior dentoalveolar heights in
long-faced patients has been well
documented.**'* Maxillary and
mandibular molar and incisor
changes found in the present sub-
jects were within the physiologic
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range of eruption reported by
Bathia and Leighton® for subjects
10 to 16 years old.

An increase in the mandibular
plane angle’s worsening the facial
pattern by downward and back-
ward rotation of the mandible?
could not be seen in any of the
overbite groups. The recommenda-
tion to postpone extensive orth-
odontic treatment in vertically
growing patients until the end of
the pubertal growth spurt in order
to reduce the potential for posterior
rotation of the mandible®* was not
verified by these findings. More
than 80% of the present subjects
were treated with a full-banded
multibracket appliance.

Since it is often stated that high-
angle cases tend to become worse
throughout the course of orthodon-
tic treatment, the use of trans-
palatal arches and occipital-pull
headgears are recommended for
vertical control.’* On the other
hand, Burke and Jacobson'® ob-
served no major difference in man-
dibular plane angle changes when
comparing patients treated with
cervical- or occipital-pull headgear.
Although different extraoral trac-
tions (cervical-; straight-, and oc-
cipital-pull headgear) were used in
the present subjects, the mandibu-
lar plane angle, on average, was
unaffected. This was true for both
the openbite and deepbite groups.

Tooth extractions did not seem to
have a significant effect on treat-
ment outcome in the present sub-
jects, although Garlington®® and
Kuhn* showed that second premo-
lar extractions could be useful in
treating anterior openbite by reduc-
ing the posterior vertical dimen-
sion. ‘

The findings of this study seem to
confirm the conclusion of Zaher et
al.® in the respect that facial type
does not seem to influence orth-
odontic treatment results. How-
ever, it should be pointed out that
the present findings are based on

476 The Angle Orthodontist

group comparisons of relatively
small sample size. The results do
not allow any conclusions for the
individual patient.

Conclusions

Pretreatment, 20% of the present
high-angle subjects in the mixed
dentition showed an anterior
openbite, while 80% had a normal
or deep overbite.

Orthodontic treatment did not in-
crease the mandibular plane angle
(NSL/ML). This was true for both
the openbite and deepbite high-
angle individuals.

Overbite was efficiently corrected
in both overbite groups, by tipping
the maxillary plane anteriorly
downward in the openbite group,
and by controlling incisor eruption
in the deepbite group.

Vol. 69 No.5 1999
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