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How to Learn Ortho D0 71

In June, | was invited by Invisalign Singapore to participate in a panel discussion session as one of the threekey w3 Editorial
speakers. To prepare for this, ten questions were sent to us and we were asked to return our replies to the organizer.
On the night before the session, | arrived in Singapore, and the moderator, Gigi, met me and told me that my ™ CASE REPORT

responses were too brief compared to the other two speakers, which were all well-written paragraphs, and she .
4 Non-Extraction

hoped that | could add some supplementary details. This got me a little nervous, especially since what | had written Treatment with Bite
down was basically all | wanted to and had to say! Although a teleprompter had been prepared to remind us of Turbos for Pseudo-Class
what we had written, | was skeptical about whether this was a good idea or not. Despite Gigi's best efforts to teach de?OCC'US'On n
an old dog new tricks, | decided to stick to my way, made some minor changes and additions to my original draft, Y
and Shufen, my trusted right and left hand, and wife, printed the draft out so | could take it with me on stage. Phew!
. ) ) || RESEARCH

As it turned out, the teleprompter monitor was too far away for us to clearly decipher all the words. Even our
youthful and exuberant moderator, Gigi, had difficulty reading the text properly off the monitor. In the end, those 26 Insertion Torque and
nice, short and sweet, one-sentence answers of mine came to be the most suitable form of response in an event illjvcecslsasrcl)\flgr):gizular
like this. | could even use them as a guide and expand my answers to cover a wider range of issues. Does this mean Buccal Shelf Miniscrews
that | am a better speaker than the others? Most certainly not, they were most articulate speakers and excellent for Self-Ligation
orthodontists who happened to fall prey to unexpected technological circumstances. The expectation of a Mechanics
teleprompter led the other speakers to prepare for the session in a specific but relatively confined way. By contrast, 46 Surgical Procedures,
armed with short answers and my knowledge and experience, | just confronted and transcended the problems Mechanics, and

Problems in Recovering
51 Impacted Maxillary
My favorite part of the trip was actually the Gardens by the Bay, which were adjacent to the hotel we stayed in. | Canines for 46 Patients

went there every morning during our stay, appreciating all the high-tech, sustainable designs of a spectacular with the OBS 3D Lever
botanical collection from reportedly all around the world. On the last morning, a long-time student of mine, Dr. Arm Appliance

Chao Pan, accompanied me. One particular type of tree caught his attention, and he enquired if | knew what they
were. Without consulting any form of teleprompter | replied:”l can't tell you their exact name, but | know they are
similar to the Betel tree." Upon googling their photo, he was surprised to find out that in Mandarin Chinese the trees
are known as the fake Betel. This just goes to show that we can never know the correct answers to all questions, but
our existing knowledge is there to help us delve a little deeper into everything.

with an open mind.
B 59 Feedback

Similarly, in our orthodontic practices, there is never just one correct plan for treating each case. Our skills,
experience, and knowledge are our trusted weapons. Therefore, instead of elevating certain methods as the most
powerful ways, or idolizing one person as the “Guru; good orthodontists should keep an open mind when facing
patients’ problems so as not to confine the potential and evolution of our collective weapons.

The three keys to learning orthodontics, as | realized on this trip to Singapore, are: (1) an open mind, (2)
international perspectives, and (3) English skills. Singapore really did fascinate me! Though a tiny country, they have
the confidence to show the world that they can replicate all the gardens on earth (and even better than the
originals). Moreover, despite a population of over 70% of ethnic Chinese, English is available to its people from all
walks of life. It is simply mind-blowing. | hope we orthodontists can collectively start improving our ability in these
three aspects, and they, | believe, will be the most powerful weapons along our path to glory.
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JDO 71 CASE REPORT

Non-Extraction Treatment with Bite Turbo
for Pseudo-Class Il Malocclusion in Adult

Abstract

Introduction: A 42-year-old female presented with chief complaints of protruded chin, crowded anterior teeth, and poor smile esthetics.

Diagnosis: Cephalometric analysis showed a skeletal Class Ill tendency (SNA, 80°; SNB, 83°; ANB, -1°) with normal mandibular plane
angle (SN-MR 38°). An intraoral assessment revealed end-on Class Ill malocclusion on the left side with anterior crossbite (UR1, UR2, and
UL1), and the lower midline was deviated 0.5 mm to the right. Mild crowding was present in the upper and lower anterior dentition. The
Discrepancy Index (DI) was 24.

Treatment: A Damon® system appliance with passive self-ligating brackets was applied to correct the dental malocclusion. Posterior and
anterior bite turbos were used to correct the anterior crossbite. Interproximal reduction (IPR) was used to relieve crowding. Space closing and
midline correction were also accomplished with elastics. The active treatment time was 18 months. The dentition was aligned, and all spaces
created by IPR were closed.

Results: Retraction of the lower anterior segment and lower lip was achieved to improve the profile. After 18 months of active treatment,
this pseudo-Class Ill malocclusion was corrected to an excellent Cast-Radiograph Evaluation (CRE) of 10 points and a Pink and White
esthetic score of 6. No root resorption nor periodontal problems were noted.

Conclusion: This case report demonstrates the use of a passive self-ligating appliances to resolve pseudo-Class Ill malocclusion in an
adult patient without the intervention of orthognathic surgery. (J Digital Orthod 2023;71:4-21)

Key words:

Skeletal Class Ill, non-surgical treatment, anterior crossbite, torque selection, bite turbos, interproximal reduction

The dental nomenclature for this report is a modified
Palmer notation with four oral quadrants: upper right
(UR), upper left (UL), lower right (LR), and lower left
(LL). From the midline, permanent teeth are
numbered 1-8, e.g. a lower right first molar is LR6.

Introduction

Angle defined Class lll malocclusion as an abnormal
jaw relationship where all mandibular teeth occlude
more mesially by the width of one bicuspid or more
in normal occlusion.! The etiology of this condition is
classified into three categories: functional, skeletal,

and dental. Functional malocclusion is associated
with abnormal tongue placement or neuromuscular
conditions, while skeletal malocclusion occurs when
the maxilla is underdeveloped and/or the mandible
is overdeveloped. Dental malocclusion, on the other
hand, is caused by ectopic palatal eruption of
maxillary incisors or early loss of lower deciduous
molars.? Class lll malocclusions of dental origin often
require a significant functional shift of the mandible
to achieve posterior occlusion, which is why they are
described as pseudo-Class lll3 When the mandible
position is closed and presented in centric relation
(Cr), the incisors exhibit an end-to-end relationship,
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and molars are usually Class I. Pseudo-Class |Il This case report documents the conservative
patients with an acceptable, orthognathic profile in management of an adult skeletal Class |l
Cr usually have a good prognosis following malocclusion complicated with an anterior crossbite
conservative treatment to resolve the anterior and deep bite (Fig. 1). Conservative camouflage
crossbite. 34 treatment was the patient's preference.

W Fig. 1: Pre-treatment facial and intra-oral photographs in centric occlusion (Co)
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Diagnosis and Etiology

A 42yr-4mo-old female presented for orthodontic
consultation with chief complaints of anterior
crosshite and crowding (Fig. 1). No contributing
medical or dental histories were reported. The facial
profile was slightly less convex than normal. The
patient had an uneven smile, with the left side
slightly higher (Fig. 1). The plaster casts revealed an
anterior crossbite from UR2 to UL1 (Fig. 3). The
overjet was -1 mm, and the overbite was 6 mm. Mild
crowding (2 mm) was found in the mandibular arch.
The occlusion revealed an asymmetrical molar
relationship: Class | on the right and end-on Class Il
on the left (Fig. 3). The lower midline was shifted 1
mm to the right.

There were no signs nor symptoms of
temporomandibular disorder (TMD). The panoramic
radiograph showed the LL8 was impacted (Fig. 4).

The pre-treatment cephalometric radiographs and
intraoral examination revealed: (1) an orthognathic
profile in Cr position, (2) 3 mm anterior functional
shift, and (3) anterior teeth were edge-to-edge in Cg
(Fig. 2). The cephalometric analysis (Table 1)
documented an ANB angle of -1°, a SN-MP angle of
38°, and lingually-tipped maxillary and mandibular
incisors (UT-SN 93°, L1-MP 75°). The American Board
of Orthodontic (ABO) Discrepancy Index (DI)> was 24
points (Worksheet 1). As suggested by Lin's 3-Ring
Diagnosis, conservative treatment was feasible.

Treatment Objectives

1. Maintain the straight profile in Cg position.
2. Correct Class Il malocclusion on the left side.

3. Correct the anterior crossbite.

4. Create an ideal overjet (OJ) and overbite (OB).

Pre-treatment cephalometric radiographs are compared in centric occlusion (Co) and centric relation (Cg). In the Cr position, the incisors are

in an end-to-end relationship, and the facial profile is acceptable.
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B Fig. 3: Pre-treatment study models (casts)

5. Increase the axial inclination of the maxillary incisors.
Treatment Plan

The plan for this camouflage treatment was to
resolve the Class Ill relationship by retracting the
lower arch and correcting the anterior crossbite.
Extraction of LL8 and interproximal reduction (IPR)
were scheduled to relieve the crowding and retract
the lower lip. Anterior and posterior bite turbos
were planned to assist with the correction, and Class
Il elastics would rectify the molar relationships.

Treatment Alternatives

Extraction of the four premolars is a viable
approach to correct the anterior crossbite and
relieve the crowding. The advantages of this option
are a straighter facial profile and reduced time for
relieving the crowding. However, the patient
preferred a non-extraction option.

M Fig. 4: Pre-treatment panoramic radiograph

CEPHALOMETRIC SUMMARY
PRE-TX  POST-TX

SKELETAL ANALYSIS
SNA® (82 +4)

SNB” (80°+4)

ANB® (2°14)
SN-MP* (327 46)
FMA® (25°16)
DENTAL ANALYSIS

U1 TO NA mm (4mm.3)
U1 TO SN* (104°+4)

L1 TO NB mm (4mmys3)

L1 TO MP” (90°+4)
FACIAL ANALYSIS
E-LINE UL (-1mmy>)

E-LINE LL (Omm.)
%FH: Na-ANS-Gn (53%x3)

Convexity:G-Sn-Pg’ (13°)

80°
81°

38°

31°

25

93°

55%

20

100°

56%

70

DIFF.

NNN
o o

15

M Table 1: Cephalometric summary
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Treatment Progress

A 0.022-in slot Damon Q@ fixed appliance (Ormco,
Glendora, CA) with passive self-ligating (PSL) brackets
was selected along with all specified archwires and
orthodontic auxiliaries.

Before active orthodontic treatment, the patient was
referred to extract LL8. Two weeks later, Damon Q°
0.022-in PSL brackets (Ormco, Glendora, CA) were
bonded on the lower teeth with a 0.014-in CuNiTi
archwire engaged. Standard torque was selected for
the brackets. At the same time, posterior bite turbos
were bonded on LR6 and LL6 (Fig. 5).

After one month of aligning and leveling the lower arch,
the upper dentition was also bonded with PSL brackets.
Low torque brackets were used on the upper anterior
teeth to counteract the side effects of Class |l
mechanics. At the same appointment, anterior bite
turbos were constructed with flowable resin on the LR2,
LRT, and LL1 to open the intermaxillary space for

correction of the anterior crossbite after alignment of
the lower incisors (Fig. 7).

Early light short Class Il elastics (Quail, 3/16-in, 2 oz;
Ormco) were used for 2 months to correct the
anterior crossbite. In the 3rd month of treatment, the
overjet and overbite were well improved, and thus
the bite turbos were removed.

In the 5t month, both archwires were changed to
0.014x0.025-in NiTi. Class Il elastics (Quail, 3/16-in, 2
oz; Ormco) were used bilaterally from Ués to L3s for
four months to achieve Class | molar relationship.

In the 9th month, a panoramic film revealed that root
parallelism could be improved (Fig. 6); therefore, the
brackets on URT, UR2, UR7 UL1, and LR5 were
rebonded. At the same time, unilateral elastics (Fox,
1/4-in, 3.5-0z; Ormco) from UR3 to LR6 and LR7 were
used to correct the midline discrepancy. In the 11th
month, IPR was performed to reduce the black
triangles (Fig. 8), and a power chain was stretched
from LR6 to LL6 to facilitate space closure.

T T S R R L
“"9-!—-»- a8 aw il -

Posterior bite turbos (glass ionomer cement (GIC) II) (blue
arrows) were bonded on the mandibular arch to open the bite.

Panoramic film in the 9th month (9M) shows discrepancy in
root parallelism.
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MFig.7:

Anterior bite turbos (flowable resin) were bonded on the LR2, LR1, and LL1 to open the bite. Early light short Class Il elastics (Quail,

3/16-in, 2-0z; Ormco) were used to correct the anterior cross bite.

In the 12th month, the spaces were closed and the
leveling and alignment was completed. Both
archwires were changed to 0.016x0.025-in SS. In the
15t month, IPR was performed again to reduce the
black triangles from LR2 to LL2. In the 17th month, the
archwires on the posterior teeth were cut off, and
short elastics were used to close the posterior open
bite (Figs. 16 and 17). After 18 months of active
treatment, all fixed appliances were removed, and
fixed retainers were bonded on the lingual surfaces
of all incisors in the maxillary arch, as well as from
canine to canine in the mandibular arch. Upper and

lower clear overlay retainers were delivered, with the
posterior parts cut off to facilitate occlusal settling
(Fig.9).

Results Achieved

Facial esthetics and the anterior crossbite were
significantly improved after 18 months of active
treatment (Fig. 11). The molar relationships were
corrected to Class I. The posttreatment panoramic
radiograph documented acceptable root parallelism
(Fig. 13). The superimposed cephalometric tracings

M Fig. 8:

In the 11t month, a power chain was applied between LR6 and LL6 to close IPR spaces, and unilateral elastics (Fox, 1/4-in, 3.5-0z; Ormco) from UR3

to LR6 and LR7 were used to correct the midline deficiency.
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The clear overlay retainer on the molars was removed to facilitate
occlusal settling.

showed proclined maxillary incisors (1.5 mm) as a
result of anterior crossbite correction (Fig. 12). The
axial inclination of the upper incisors (U1-SN)
increased 7° after treatment (93° to 100°), and the
axial inclination of the lower incisors (L1-MP) was
maintained (75° to 74°). The lower lip was retruded

Profile

following the retraction of the anterior segments. The
mandibular plane angle (SN-MP) was well-
maintained (Table 1). The Cast-Radiograph
Evaluation (CRE)® score was 10 points, as shown in
the supplementary Worksheet 2. The Pink and White
dental esthetic score was 6 points (Worksheet 3).
The patient was pleased with the final results. The
treatment was concluded in only 18 months without
orthognathic surgery. Full treatment progress is
documented in Figs. 15-18.

Retention

To prevent relapse of crowding, a fixed retainer was
placed on the lingual surfaces from UR2 to UL2 and
LR2 to LL2. Two ESSIX® overlay retainers (Dentsply
Sirona, Harrisburg, PA) were provided to retain the
leveling and alignment of the dentition. The patient
was instructed to use the overlay retainers full time for
the first month and only while sleeping thereafter.

Class FS

Near Class | in

ANB=-1°

M Fig. 10:

Co #Cr

Use Lin’s 3-ring diagnosis to distinguish pseudo- from skeletal Class Il malocclusions. The three diagnostic criteria in Cg are facial profile and
ANB angle (left), a near Class | buccal occlusion in Cg (center), and functional shift Cs = Co (right).
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M Fig. 11: Posttreatment facial and intraoral photographs

Discussion

In the treatment of Class Il malocclusions,
camouflage treatment is often challenging for
orthodontists. The orthodontists need an accurate
diagnosis and an appropriate treatment plan to
achieve favorable non-surgical outcomes. Lin's 3-
ring diagnosis is the most effective guide to
distinguish pseudo- from true skeletal Class I
malocclusions (Fig. 10).8

Profile

Most patients with pseudo-Class Il malocclusion
could perform a functional shift and have
orthognathic facial profiles in Cg, even if their ANB
angles exceed -2°. These patients tend to respond
favorably to dentoalveolar treatment.

Classification

A positive prognostic indicator for conservative
treatment is to check if the patient could achieve
Class I occlusion in Cx.
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Superimposed cephalometric tracings (black: pre-treatment; red: posttreatment) show that the pre-treatment Class Il molar relationship was
corrected to Class | due to Class Ill elastic mechanics. Inevitable lingual tipping of the lower incisors occurred due to Class Il mechanics;
however, 1°is well acceptable.

M Fig. 13:
Posttreatment panoramic radiograph. Note marginal ridge
discrepancy between LL6 and LL7 was compromised.

M Fig. 14: Posttreatment cephalometric radiograph
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Functional Shift

The presence of occlusal interference is associated
with the point of initial contact while lower incisors

completing to Co. Anterior incisors presenting Cgr —*
Co shift is another positive indicator for conservative
treatment prognosis. Assessing the ANB angle on a
cephalometric radiograph taken with the occlusion
in Cg provides a more accurate evaluation of the
skeletal issue. A Class Il malocclusion with an
anterior functional shift is more likely to respond
positively to conservative therapy. In this case,
patient's mandible had fully grown before treatment,
and her orthognathic facial profile in Cg position
implied a good prognosis with camouflage
treatment; therefore, it could be considered a viable
option (Fig. 10).

Deep Bite Correction and Anterior Crossbite

For the anterior crossbite correction, posterior bite
turbos were placed on the occlusal surfaces of the
mandibular molars to open the bite at the beginning
of the treatment procedure (Fig. 5).° One month later,
anterior inclined bite turbos were constructed with
flowable resin to open the intermaxillary space for
correcting the anterior crossbite, as well as improving
the upper incisors. Once sufficient intermaxillary
space was created, CuNiTi archwires worked
efficiently to align and level the dentition without
occlusal interference.’®

Posterior Bite Turbos

Bite turbos, which are designed to help correct bite
issues, can be positioned in the anterior or posterior
segments of either arch. Nevertheless, certain

limitations should be taken into account when
considering this treatment option. Specifically, it is
not advisable to place bite turbos on (1) weak
teeth, such as upper lateral incisors, (2) teeth that
have undergone endodontic treatment or have
periodontal issues, (3) teeth with extensive
restorations or temporary crowns, (4) isolated teeth
that are subject to high stress, and (5) teeth that
are intended to be moved as part of the overall
treatment plan.”

The protocol for bite turbos was necessary to
correct the anterior crossbite.”? This is because
these devices serve a number of important
functions, including (1) avoidance of premature
occlusal contact on brackets, (2) minimizing wear
on the teeth, especially in patients who have
parafunctional habits, (3) promoting arch
development, and (4) creating the necessary
interocclusal space for successful correction of
the crossbite. By following a well-designed
protocol for the placement and use of bite turbos,
orthodontic professionals can help patients
achieve improved dental function and esthetics,
while minimizing the risk of complications and
other adverse outcomes.’3

Anterior Bite Turbos

When it comes to solving anterior crossbites,
utilizing bite turbos on the lower incisors can be
an effective treatment approach. Flowable resin is
often the ideal material for constructing lower
anterior bite turbos, as it allows for easy
adjustment and manipulation to achieve the
desired bite opening. Additionally, the vertical
dimension of the bite turbo should be carefully
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Treatment progression - left buccal view:in the 17th month, the archwires on the posterior teeth were cut off (blue arrows), and early light short Class
Il elastics (Quail, 3/16-in, 2-0z; Ormco) were used to close the posterior open bite.
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0.014-in CuNiTi 0.014-in CuNiTi 0.014x0.025-in CuNiTi

0.014-in CuNiTi 0.018-in CuNiTi 0.014x0.025-in CuNiTi
0.016x0.025-in SS 0.016x0.025-in SS 0.016x0.025-in SS

M Fig. 18: Treatment progression - upper and lower occlusal views with archwire sizes specified in grey labels

15
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This patient’s ULT was worn at the disto-incisal angle (left; green arrow), and was arranged to be repaired with composite resin after the

crossbite was corrected (right; red arrow).

designed to open the intermaxillary space,
ensuring proper occlusion and alignment during
the active orthodontic treatment. By using
anterior bite turbos in Class Il situation,
orthodontic professionals can help patients
achieve improved dental function and esthetics.'

An anterior inclined bite turbo is a good
treatment choice for the patients with:

« retroclined maxillary anterior teeth with an
anterior crossbite with or without functional shift,

- well-aligned mandibular anterior teeth
without proclination,

* normal to deep overbite, and
« average to horizontal growth patterns.

Anterior inclined bite turbos are fixed onto lower
anterior teeth with flowable resin. Appropriate
angulation between the inclined plane and the
upper anterior teeth should be determined by the

vertical discrepancy between the maxillary and the
mandibular arches. Most anterior dental crossbites
can be corrected within 3-4 weeks using an
inclined plane.’®

When the occlusion is disoccluded, ensure the bite
opening is bilateral and comfortable for the patient.
In this case, the bite turbo opened the bite to
accelerate the initial stage of the orthodontic
treatment. At the same time, intermaxillary Class |ll
elastics were used with the whole maxillary dentition
acting as anchorage to retract the mandibular
dentition. Only three months were required to
correct the anterior crossbite with the bite turbos
and Class Il elastics acting together to level and
align multiple teeth efficiently.

Tooth Attrition

Tooth attrition often accompanies an anterior
crossbite, as the affected teeth are subject to wear
from mandibular movement. If the correction of
anterior crossbite fails then the teeth can result in
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M Fig. 20: One-year (left), two-year (middle), and four-year follow-up photographs (right) show the occlusion was settled naturally (yellow arrows).

continued attrition. Although this patient had worn
disto-incisal angle on ULT, it was decided to delay
restoration until the anterior crossbite was corrected
(Fig. 19). This approach ensures that the restoration
will not be subject to the same forces that caused
the initial wear, leading to a more favorable long-
term outcome.

Posterior open bite after active treatment

A posterior open bite (POB) is a dental condition
characterized by the failure of one or more teeth in
the posterior buccal segments to reach occlusion,
while there is an incisal contact.” In this case,
uprighting of the lingually inclined upper anteriors
and correcting the anterior crossbite may change
the position of the temporomandibular joint and
the angle of the occlusal plane, which caused the
posterior open bite.’® The way to solve the POB
after the treatment was to trim the upper clear
retainer to uncover the posterior teeth that were
not in occlusion (Figs.9 and 20).

Conclusions

The successful treatment for challenging skeletal
malocclusion was completed in only 18 months
without orthognathic surgery. By using both anterior

and posterior bite turbos combined with Class Il
elastics, the patient was treated to an acceptable result.
One of the main issues after active treatment - the
posterior open bite, was effectively resolved by
trimming the posterior parts of the clear overlay
retainer. However, to ensure the ongoing stability and
maintenance of the occlusion, long-term follow-up was
necessary. The use of clear retainer, coupled with careful
monitoring every 6 months allowed for a successful
outcome in this complex case.
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Discrepancy Index X orksheet
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Cast-Radiograph Evaluation Occlusal Contacts
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INSTRUCTIONS: Place score beside each deficient tooth and enter total score for each parameter
in the white box. Mark extracted teeth with "X”. Second molars should be in occlusion.
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IBOI Pinlc and White Esthetic Score
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4. Level of Gingival Margin 01 2
5. Root Convexity ( Torque ) 01 2
6. Scar Formation 01 2
1.M and D Papillae 0(1) 2
2. Keratinized Gingiva @ 1 2
3. Curvature of Gingival Margin @ 1 2
4. Level of Gingival Margin 0 @ 2
5. Root Convexity ( Torque ) @ 1 2
6. Scar Formation @ 1 2
2. White Esthetic Score (for Micro-esthetic)
- Total = 4
1. Midline 01 2
2.Incisor Curve 01 2
3. Axial Inclination (5°, 8%, 10°) 01 2
4. Contact Area (50%, 40%, 30%) 01 2
5.Tooth Proportion o1 2
6. Tooth to Tooth Proportion 01 2

1. Midline (0

2. Incisor Curve 0
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Insertion Torque and Success of Extra-Alveolar
Mandibular Buccal Shelf Miniscrews for Self-
Ligation Mechanics

Abstract

Objectives: 1. To assess the correlation between insertion torque and the success rate of miniscrews inserted in mandibular buccal
shelf (MBS) region, and 2. to evaluate the impact of the cortical bone thickness, length of endosseous engagement, insertion angle
and surface angle on the insertion torque of MBS miniscrews.

Material and Methods: 128 stainless steel (SS) 2x12-mm MBS miniscrews were placed bilaterally in 64 consecutive patients (24
males and 40 females; mean age 19.5+5 years) and loaded with 10-14 oz (283-397 g) immediately. Insertion torque values were
compared between failure and success groups at an interval of six months. Cortical bone thickness, length of endosseous
engagement, insertion angle, and surface angle were measured blindly through cone beam computed tomography
(CBCT) images.

Results: The overall success rate was 89.1%. The insertion torque value was lower in the failure (16.1+7.0 Ncm), compared to the
success group (20.1+6.3 Ncm). The success rate was directly related to torque values; however, the t test failed to show any
statistical significance. Cortical bone thickness and insertion angle revealed significant positive correlations with insertion
torque, but only on the left side. Length of endosseous engagement and surface angle had no significant effect on the insertion
torque value.

Conclusions: MBS is a region with relatively dense bone quality, where a relatively high insertion torque of the miniscrew is
guaranteed compared to inter-radicular miniscrews. Therefore, primary stability of MBS miniscrews is adequate for ensuring
success as orthodontic anchorage units. (J Digital Orthod 2023;71:26-39)

Key words:
Miniscrews, insertion torque, primary stability, success rate, extra-alveolar orthodontic anchorage, mandibular buccal shelf (MBS)

Introduction

By providing absolute anchorage with a predictable
survival rate, orthodontic miniscrews have been

constantly altering the strategies to ftreat
challenging malocclusions over the past two
decades. In terms of insertion site, inter-radicular
(I-R) placement is more common but risks and
difficulties such as root damage,”’ displacement
under loading,f ' and interferences with path of
tooth movement are often encountered."? These

problems are especially prominent in the posterior
mandible, which leads to increasing failure rates
reported by multiple reviews.”>'> Therefore,
miniscrews inserted in the mandibular buccal shelf
(MBS) have been proven to be a reliable source of
extra-alveolar (E-A) anchorage for retracting the
entire mandibular arch to correct severe crowding,
protrusion, and skeletal malocclusion without
orthognathic surgery (Figs. 1 and 2).16-18
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M Fig. 1:
An occlusal view (left) and a lateral view (right) of a human mandible show the available area for mandibular buccal shelf miniscrew insertion.

M Fig. 2:
A panel of six right buccal intraoral photographs show the pre-treatment (Pre-tx), treatment (Tx), and post treatment (Post-Tx)
records for two full-cusp Class Ill malocclusions (upper and lower panels) treated with MBS miniscrews for elastic chain anchorage
(blue arrows). The months of treatment are marked in the upper left corner of each picture. The major mechanics provide both
retraction and an intrusive moment on the posterior mandibular segment which are favorable in treating open bite cases.
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Due to the demand of immediate loading, primary
stability is of utmost importance.'*1° Screw failure
typically occurs in the first few weeks after
placement, so the mechanical interlock of a
miniscrew with bone is the critical factor for clinical
success.20 Attempts to improve the primary stability
include smaller diameter pilot drills or self-drilling
methods,?'-24 selection of sites with thicker cortical
bone and denser trabecular bone, 2526 and modified
screw designs.2/29 Among these reports,2-29
insertion torque is the most frequently used non-
invasive quantitative assessment of screw stability.
The amount of insertion torque, which is the force
to insert a miniscrew, mainly results from the
frictional resistance between bone-screw
contact.?%31 5 to 10 Ncm is generally the
recommended range of torque values for IR
miniscrews.??'32 Torque level beyond this range
might indicate the existence of root contact and
compromise the success.’> However, the
correlation between primary failure rate and
insertion torque for E-A miniscrews remains
unclear. Moreover, the factors influencing the
magnitude of insertion torque in the MBS region
have not been thoroughly explored.”

It is therefore necessary to understand at what levels
torque strains remain physiologic and can
guarantee the stability of these E-A miniscrews. The
purposes of this study were to compare the primary
stability of successful and dislodged groups of MBS
miniscrews by using insertion torque
measurements, and to explore the validity of a
subjective assessment of primary stability through
cone beam computed tomography (CBCT) images
after miniscrew placement. It was hypothesized that
the insertion torque under a certain level would

lead to higher MBS miniscrew failure.>* In addition,
cortical bone thickness might be the most
important overall factor to determine the insertion
torque of MBS miniscrews.26

Material and Methods

This study was approved by the Indiana
University institutional review board and ethics
committee (approval No. 1408974880) in
Indianapolis, United States. It is a follow-up of
hard tissue research in comparison to the soft
tissue research conducted by Chang et al. in
20151 MBS miniscrews were installed in a
consecutive series of 64 patients (24 males and 40
females; mean age 19.5+5 vyears), who were
treated with Damon Q@ passive self-ligating (PSL)
brackets (Ormco Corporation, Brea, CA), and all
agreed to take CBCT (KaVo 3D eXam plus,
Germany) after the procedure in addition to
cooperating with this study. A total of 128
OrthoBoneScrews® (iNewton, Inc., Hsinchu City,
Taiwan) (Fig. 3) were placed bilaterally in the MBS
area in a private practice by the same senior
orthodontist from 2015 to 2018.

A cylinder-shaped 2x12-mm stainless steel (SS)
miniscrew was placed as parallel as possible to the
mandibular molar axis without raising a flap. The
optimal position for MBS miniscrews is lateral to the
lower first and second molar contact area,
approximately 5-7 mm below the alveolar crest.
After local anesthesia, a sharp dental explorer was
used to sound to the bone in the preferred location,
usually near the mucogingival junction. This dent
helps to prevent slippage of the self-drilling
miniscrew inserted with a screw driver. At least 5
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M Fig. 3:

Double Neck Design

Easy hygiene control
Extra attachment
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Maximal bony engagement

Sharp Cutting Edge

Easy to penetrate cortical bone
No pre-drilling needed

Design specifications for a 2x12-mm stainless steel miniscrew allow for a self-drilling procedure in the mandibular buccal shelf area.

mm of the screw head was left above the level of
the soft tissue to facilitate oral hygiene. A strain-
gauged manual torque wrench (iNewton, Inc,
Hsinchu City, Taiwan) was used to measure the
primary stability during the final tightening of the
miniscrew. All miniscrews were immediately loaded
using pre-stretched power chains (Ormco, Glendora,
CA) to deliver a relatively uniform retraction force of
approximately 10-14 oz (283-397 g), which were
reactivated every 4 weeks.

These MBS miniscrews were checked at every
monthly appointment for 6 months. The 6-month
assessment interval was selected because primary
stability decreases mostly during the first 6 month
period after placement. Secondary stability would
not overlap with primary stability, because the
material of the miniscrew used in the study does
not undergo osseointergration. Success is defined as
the capability of sustaining the function of

orthodontic anchorage, with the absence of
inflammation and clinically detectable mobility;
whereas the definition of failure is spontaneous loss,
severe clinical mobility of the miniscrew requiring
replacement, or infected, painful, pathological
changes in the surrounding soft tissues. Finally, two
of the co-authors were assigned to blindly and
individually measure the statistics using CBCT slice
view images to evaluate the placement protocol.
Measurements including: 1. cortical bone thickness,
2. length of endosseous engagement, 3. insertion
angle relative to the lower first molar axis, and 4.
acute surface angle relative to the mandibular
buccal shelf contour (Fig. 4). The t test were used to
assess the measurements data. To explore the
possible correlations between parameters, the
Pearson correlation analysis were performed.
Probability (p<0.05) was the minimum level of
significance for all tests. The statistical analyses were
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W Fig. 4:
A CBCT slice view reveals the position of a MBS miniscrew. The
cortical bone thickness (CB) and length of endosseous
engagement (LE) were measured. The insertion angle (IA) is
delineated between the MBS miniscrew and the mandibular
first molar axis, while the surface angle (SA) is shown relating
to the buccal shelf bone contour in an acute angle.

carried out with the SPSS statistical package
(version 24.0, IBM).

Results

Retrospective analysis of the 128 MBS miniscrews
revealed that 14 miniscrews (10.9%) failed within 6
months. Bending or fractures of the miniscrews
was not observed in either group during
placement. The mean insertion torque value of the
failure group were 161+70 Ncm, while it was
20.146.3 Ncm for the success group. Although the

success rates seemed to elevate with increasing
torque values (Table 1), the t test failed to show
any statistical significance on both sides between
the groups (p>.05), so the hypothesis was
rejected (Fig. 5).

On the other hand, Tables 2 and 3 show a positive
association between insertion torque and cortical
bone thickness (1.840.8 mm), but was only
significant on the left side (p<0.05). The average
length of endosseous engagement was 4.7+15
mm, and the insertion torque difference was
insignificant (p>.05). However, there were
interesting findings among other variables: the
insertion angle showed a highly statistical
significance to insertion torque on the left side
(p<0.01), but not on the right side (p>0.05); the
surface angle measurements were basically
symmetrical in each patient, even though there
was a wide range of buccal shelf slopes. It can be
inferred from this data that a right-handed
practitioner inevitably tends to place miniscrews in
different angles bilaterally. The 14 failed miniscrews
were collected from a total of only 8 patients. The
bilateral failure suggests there may be other
factors, such as genetic predispositioin, age or oral
hygiene, which have a greater impact on the MBS
miniscrew failure than primary stability.

Discussion

The present study is the preliminary research
seeking to define the importance of insertion
torque to the success of MBS miniscrews, although
its relevance to placement specifications should
not be overlooked. A major finding was a lack of
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Table 1. Success Rates According to Different Insertion Torque Values

=<7 66.7%

0.193
15 to 21 89.8%
Total 89.1%

M Table 1: Success rates of miniscrews according to different insertion torque values

Table 2. Means and Standard Deviations of Bone Morphologic Features

Cortical bone thickness (mm)

Insertion angle (° 36.89 33.32 10.36

M Table 2: Means and standard deviations of bone morphologic features

Table 3. Correlations between Bone Morphologic Features and Insertion Torque Value

Cortical bone thickness (mm) 0.165 0.268*

Insertion angle (° -0.044 0.336**

*p<.05 *p<.01

M Table 2: Correlations between bone morphologic features and insertion torque value




JDO 71 RESEARCH

Torque (N-cm)

W Success
I Failure

WFig.5:
There was a tendency for higher mean insertion torque in the
success groups on both sides, but the differences were not
statistically significant.

significant difference between the insertion
torques of the successful and the dislodged groups
on either side (Fig. 5). The result indicates that,
within the restraints of this study, less primary
stability does not appear to be a decisive factor for
MBS miniscrew failure. It can be reasoned that the
posterior mandibular bone quality, quantity, and
geometry result in the MBS being a favorable site
selection to provide sufficient stability for the
miniscrews. However, oral hygiene control remains
an important contributing factor towards MBS
miniscrew success, since soft tissue inflammation
was the most common reason for the removal of

MBS miniscrews.

These findings are not in contradiction to those of
other empirical studies, although there are certain
important differences regarding other aspects. It is
generally recommended to control the insertion
torque within the range of 5-10 Ncm for [|-R

miniscrews.>132 As reported by McManus et al.° the
mean resistance to movement for miniscrews with
a placement torque >5 Ncm was significantly
greater than for screws with a placement torque
<5 Ncm. A related issue concerns higher insertion
torque value indicated for miniscrews with root
contact than for those without3* The adverse
effects refer to orthodontic tooth movement and
the survival of miniscrews could be expected if the
screw-to-root contact had existed. E-A concept is
best achieved by firmly seating screws for intraoral
anchorage in basilar bone.®

The E-A concept can be mainly divided into two
applications: infra-zygomatic crest and buccal shelf
placement. A recent study shows that the critical
insertion torque for miniscrews inserted in the
infra-zygomatic crest (posterior maxilla region) is
around 8 Ncm.3¢ Previous research has indicated
that functional demands on the mandible could
result in its developing thicker cortical bone and
higher bone density when compared to the
maxilla.? Therefore, it would be intuitive to expect a
greater mean insertion torque for miniscrews
placed in the posterior mandible region. In the
samples used in this study, due to the fact that a
MBS miniscrew with an insertion torque below 8
Ncm is relatively rare (<5%), the finding lends some
credence to the explanation of why the critical
torque range for MBS miniscrew success cannot be
defined. It might be speculated that almost all MBS
miniscrews could be placed within the safe torque
zone because their predominant position is where

the compact alveolar bone exists.
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A surprising finding was that the cortical bone
thickness was not coherently significantly correlated
with the miniscrew insertion torque value. The
authors suggest that, unlike many inert materials,
bone is not homogeneous, and cortical bone
thickness does not reflect bone density or quality.”
Even though the success rates seemed to be
obviously related to the cortical bone thickness in
previous observational studies, such as Motoyoshi:’
and Liu et al.*%9 it is now hypothesized that cortical
bone thicker than 10 mm does not necessarily
improve the insertion torque value and success rate.
The same explanation could also be applied to the
absence of significant correlation between the
length of endosseous engagement and insertion
torque.®® With regard to the surface angle, our
findings echo those of Wilmes* and show that the
higher torque values were measured when the
miniscrews were inserted slightly obliquely at an
angle between 60° to 70° As presented, the
insertion angle on the left side was the parameter
which showed a highly statistically significant
difference in the insertion torque, which might also
lead to the marginal statistical significance of the
cortical bone thickness on the same side, since
different angles would result in different bone
thickness engaged.*? Thus, the better performance
on the right side seems to be indicative of the fact
that the practice of insertion angle control on the
left side could be rectified with a slight increase.

The present study contributes to the field’s
understanding of the reliability of MBS miniscrew

for its good primary stability and high success rate

(891%). Most people’s common impression is that
miniscrews inserted into the posterior mandible
tend to suffer more failures (16.5-33.3%) than those
inserted in the maxilla (6.6-172%);4346 however, the
findings in the present data provide empirical
evidence to clarify the “myth” By changing the
location from the I-R space to the buccal shelf, one
of the major risk factors contributing to the failure of
miniscrews - root contact - is ruled out.*” Moreover,
assuming there is adequate soft tissue clearance
(approximately 5 mm), miniscrews can be
positioned in the attached gingiva or movable
mucosa with equal success."" Higher insertion
torque can be constantly achieved without undue
concern about the patient’s cortical thickness or the
practitioner's clinical skills in the MBS region.
Therefore, if oral hygiene and soft tissue
inflammation are well managed, practitioners can

expect minimal MBS miniscrew failure 4649

Despite demonstrating advantages of MBS
miniscrews, the present study does have some
limitations. First, not everyone is comfortable using
miniscrews as intraoral anchorages.>®>2 This
"knowledge to action” gap severely limits MBS
miniscrew usefulness in clinical research.>35
Particularly challenging is the lack of awareness to
differentiate between [-R and E-A TSADs."”
Furthermore, when learning to use MBS miniscrews,
both insertion technique and clinical effectiveness
requires a serious time investment.”> The problem is
compounded by the fact that relatively few
specialists can actually apply MBS miniscrews
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well, making it more difficult for novices to find
someone to ask for constructive advice.

This kind of instruction is still very much in the early
adoption stage and deserves future investigations.
Much more is needed about the various ways
clinicians use MBS miniscrews, which could further
strengthen the case for placing miniscrews in the
MBS. The previous publication by Chang et al." in
2015 and this retrospective study provide qualitative
soft as well as hard tissue basis for subsequent
research. It is hoped that future studies will yield
additional data to improve our understanding of the
clinical capacity of MBS miniscrews with different
orthodontic appliances, e.g., clear aligners.

Conclusions

+ High insertion torque can be achieved for most of
the miniscrews placed in the mandibular buccal
shelf region. There is no significant torque
difference between the success and failure
groups. Therefore, the adequate primary stability
allows immediate loading of up to 300 g with a
good rate of clinical success.

« There is no significant correlation between
insertion torque and cortical bone thickness or
the length of endosseous engagement.

+ To achieve a higher insertion torque, a surface
angle ranging from 60° to 70° is advisable; while the
insertion angle relative to the lower molar's axis is
suggested to be controlled at around 35°, especially
on the left side for a right-handed practitioner.

» The risk of root contact is eliminated by extra-alveolar
placement. If primary stability is well controlled, the
clinical challenge is to minimize miniscrew failure by
proper oral hygiene management.

Clinical Applications

» Class Il camouflage treatment (Fig. 2): Class Il with
anterior cross-bite, and/or severe open bite may
require extensive orthognathic surgery. Patients
and parents concerned about expense and
complications may request an alternate approach.
Conventional alternatives including extractions
and/or extensive inter-maxillary elastics may still
undergo challenging processes and result in
compromised outcomes. On the other hand, MBS
miniscrews are effective for managing severe
skeletal and Class Il malocclusions. Rather than
extracting teeth, E-A anchorage corrects crowding
by retraction of buccal segments to increase arch
length. At the same time, it minimizes the use of
inter-maxillary elastics and decreases the
iatrogenic incisor tipping.

* Recovery of mandibular impacted teeth (Fig. 6):
When discovering an impacted tooth, if
spontaneous eruption is not achieved in a timely
manner by correcting the perceived cause,
orthodontic guidance and/or surgical
intervention may be indicated. In general, the
recovery of impactions is a challenging problem
with longterm ramifications. The use of the 3D
lever arm, anchored by a MBS miniscrew, is
particularly useful for dealing with severely

impacted teeth. The SS lever arm can be adjusted
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1st stage-Tx

M Fig. 6:
A six-image panel of clinical radiographs (upper) and photographs (lower) is divided into three columns marked with the months in
treatment in the upper left area. Pre-Tx (Omo), Tx (4mo), and completion of first stage treatment (1st stage-Tx, 6mo). Alignment and
finishing is accomplished with clear aligner therapy. The center panel shows the active mechanics for recovery of the impacted
second premolar with a dilacerated root. Surgical removal of the impaction risks nerve damage, so orthodontic recovery with a MBS
bone screw (blue arrow) anchored lever arm (0.019x0.025 SS wire) is an attractive option.

-

1st stage-Tx

=

WFig. 7:
The correction of a full buccal cross-bite of the upper left first molar (UL6) is shown in a panel of six intraoral photographs. The
month of treatment is marked in the upper left of each column depicting the Pre-Tx (Omo), Tx (Tmo), and end of first stage treatment
(4mo). The upper panel is a series of progressive left buccal views, and the lower panel is a corresponding series of lower occlusal
photographs. The mechanics shown in the Tx column are occlusal bite turbos on the lower left first and second molars, and the
elastics from the lower left second premolar and first molar are anchored with a MBS bone screw (blue arrows). The intermaxillary
occlusion will be finished with clear aligner therapy.
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for sequential movement in all planes of space
without disturbing adjacent teeth

» Correction of lingually collapsed buccal segments
(Fig. 7): Efficient treatment of full buccal cross-bite
for an entire posterior segment (unilateral or
bilateral) usually requires orthognathic surgery,
bite-plates (turbos) and/or extensive use of TSADs
in both arches. The preferred alternative for
managing a unilateral scissors-bite is to reverse
the etiology of excessive extrusion by opening the
bite on the contralateral side with a glass ionomer
bite turbo, then intruding and uprighting the
teeth in crossbite with elastic modules anchored
by a MBS miniscrew.
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Surgical Procedures, Mechanics, and Problems in
Recovering 51 Impacted Maxillary Canines for 46
Patients with the OBS-3D Lever Arm Appliance

Abstract

Objective: Assess recovery for consecutive impacted makxillary canines (I-U3s).

Materials and Methods: Based on three-dimensional (3D) imaging, 51 I-U3s were recovered from 46 patients: 11 male, 35
female, mean age 16.5 years (range 10-36 yr). Orthodontics prepared a path for movement of the I-U3s as needed. Minimally
invasive surgery uncovered the I-U3s and removed bone to the level of CEJ. 3D anchorage was provided with a 2 mm diameter
stainless steel (SS) OrthoBoneScrew® (OBS). A rectangular slot secured a custom SS wire segment (OBS-3D lever arm) to align
the I-U3.

Results: Impaction locations were according to side (22 right, 29 left), and surface (32 labial, 19 palatal). I-U3s were optimally
aligned in an average of 1.7 months (M), but six more severe labial impactions required up to 17M, and six complete
transpositions required 27-30M. Moderate root resorption (<2 mm) on the adjacent lateral incisor was noted for four I-U3s (3
labial, 1 lingual). Gingival recession affected 19 recovered canines (11 labial, 8 palatal); all were moderate (Miller Class 1) except
for one severe problem (Miller Class Ill).

Conclusions: The OBS-3D lever arm is a biomechanic system that enhances the probability of success by controlling treatment
duration and complications. Root resorption on adjacent lateral incisors is best avoided by not bonding a bracket on them
during the recovery process. (Reprint from J Digital Orthod 2020;59:24-33) (J Digital Orthod 2023,71:46-55)

Keywords:
Maxillary canine, impaction, transposition, bone screw, 3D lever arm, gingival recession, root resorption

There is a variable prevalence among ethnic
groups from 0.27% in Japanese? to as much as
24% in ltalians Females are 2-3 times more

Introduction

Dental nomenclature for this report is a modified

Palmer notation, i.e. quadrants are upper right (UR),
upper left (UL), lower right (LR) and lower left (LL),
and permanent teeth in each quadrant are
numbered 1 to 8 from the midline. In 1975, Archer’
defined an impacted tooth as completely or

partially unerupted with an unfavorable position
relative to an obstacle (tooth, bone, or soft tissue)
that probably prevented eruption. With the
exception of third molars, maxillary permanent
canines (U3s) are the most common impactions.

frequently affected than males¢ Early diagnosis
and treatment is recommended to avoid severe
displacement and complete transposition.>¢
Abnormal position and/or lack of a canine
eminence between age 8-10 years are early signs
of potential impaction.’

Closed eruption and an apically positioned flap are
viable approaches,>® but using an archwire as
anchorage can result in distortion of the arch,
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particularly if the canine is or becomes ankylosed.?
A stainless steel (SS) endosseous OrthoBoneScrew®
(OBS) (iNewton, Inc., Hsinchu City, Taiwan) has a
rectangular hole (tube) to receive a 0.019x0.025-in
SS wire (OBS 3D lever-arm) (Fig. 1). The purpose of
this study was to assess the OBS 3D lever arm
appliance relative to treatment time, success rate,
and complications for a consecutive series of
impacted upper canines (I-U3s).

Retangular holes
The screw holes are made for 3D lever arm insertion

IR
Smooth Mushroom Head Double Neck Design
For comfort & retentionof | @ Easy hygiene control &
elastic chain E_L' extra attachment
2 mm in Diameter Sharp Cutting Edge
Resistance to fracture Easy to penetrate cortical bone,
no pre-drilling
m
Power chain

This end is for power chain to catch on

Miniscrew
This end inserts into the screw hole

A. A 2x14-mm SS bone screw has a rectangular hole (tube)
designed to insert a 3D lever arm.
B. A 3D lever arm is formed from a 0.019x0.025-in SS wire as shown.

Material and Methods

The Institutional Review Board (IRB) of Taiwan
Medical Research Ethics Foundation (protocol
number: MIC1/19-S-004-1) approved this
retrospective study that resulted in 46 consecutive
patients with 51 1-U3s. They were treated from
2013-2016 and were all evaluated with cone-beam
computed tomography (CBCT) (Fig. 2). The OBS 3D
lever arm appliance (Fig. 3) was used for all

M Fig. 2:

A. A panoramic radiograph is a 2D image that is unreliable for
determining the relationship of impactions to the roots of
adjacent teeth.

B. A CBCT image shows important details in 3D for locating,
uncovering, and applying mechanics to recover I-U3s.
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patients, but the surgical exposure varied
depending on the location and orientation of the
impaction. Pretreatment consultation included a
thorough discussion of potential problems such as
swelling, temporary facial disfigurement (Fig. 4),
and root resorption (Fig. 5).

Palatal impactions were managed conventionally,® but
labial impactions were exposed with the vertical
incision subperiosteal tunnel access (VISTA).° The
crown of an endosseous |-U3 was located with a
surgical explorer.l0 After the crown was exposed,
an eyelet was bonded at least 2 mm occlusal to
the cementoenamel junction (CEJ)," and all
overlying bone was carefully removed to the level
of the CEJ (Fig. 6)."2 At the planned location on the
infra-zygomatic crest (1ZC), a 2x14-mm OBS was
installed with the desired orientation of the
rectangular tube (Figs. 1B and 3). The custom lever

M Fig. 3:
A vertical panel of progressive panoramic radiographs
documents the recovery of I-U3s from the upper pretreatment
image (OM) and the immediate post-operative view (second OM)
to the completion of active treatment at thirty months (30M).
Note there are no brackets bonded on the maxillary lateral =~ ~zoroizr=s-r=srrssrsssrsssrossrorro oo

. . . . W Fig. 4:
incisors until after 27 months (27M) to avoid root resorption. See Fig. 4 . TR
text for details. A. A postoperative complication is shown after a complex

surgical intervention to initiate recovery of a transposed I-U3.

Note the lip, cheek, and orbital swelling with discoloration one

week post-operatively. No additional treatment was indicated.
B. One week later, the complications were almost resolved.
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M Fig. 5:

A. Pre-treatment radiography shows that I-U3s are associated
with extensive root resorption (white arrows) on the UR2
and UL]T.

B. Posttreatment radiography reveals that the root resorption
is arrested but the loss of root structure is permanent
(white arrows).

arm was activated in the prepared plane® with a
power chain from the impaction to the distal end
of the 3D lever arm and both ends were retained
with polymerized resin. After activation, the soft

tissue flap was closed, and a post-operative panoramic
radiograph was exposed (Fig. 3). Details for the surgical
and mechanical procedures are published." 7 All
clinical procedures for the current sample were
performed by the senior author.

Results

From 2013-2016, 46 consecutive patients (11 male, 35
female, mean age 16.5yr, range 10-36yr) presented
with 51 impacted maxillary canines: 41 unilateral, 5
bilateral; 22 right side, 29 left side; and 32 labial, 19
palatal. Surgery was uneventful for all patients
except one who sustained facial bruises and
swelling that resolved in 7 days (Fig. 4). All 51 I-U3s
were successfully recovered and optimally aligned
in occlusion. Treatment time after the initial
alignment of the I-U3 was a mean of 11.7M (Fig. 7),
but the more difficult problems like labial
impactions with complete transposition required up
to 37M of comprehensive treatment. Four I-U3
patients (3 labial, 1 palatal) experienced mild root
resorption (<2 mm) on the adjacent lateral incisor.
Gingival recession occurred on 19 canines, (11 labial

A. The crown of an impacted canine is evident after the overlying soft tissue is removed.
B. All bone was carefully removed down to the CEJ in the path of expected tooth movement.
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wFig.7-

Treatment time in months after the bracket is bonded in the
ideal position or on a previously impacted U3 is plotted relative
to the age of the patient. See text to details.

and 8 palatal impactions); all were modest (Miller
Class 1),'6 but one was a Miller Class Ill (Fig. 8).

Discussion

Recovering complex I-U3s may be associated with
migration of neighboring teeth, loss of arch length,
dentigerous cysts, and external root resorption of
the impaction or neighboring teeth (Fig. 5).0812
Extracting 1-U3s presents another array of
undesirable outcomes such as asymmetry, lack of
desired canine function, occlusal interference,
eccentric mandibular closure, temporomandibular
joint disorder, compromised dental esthetics and/or
unstable dental alignment.6810-12 The OBS-3D lever
arm method was designed to simplify the mechanics
and limit undesirable outcomes.”® [ZC OBSs are
reliable fixtures (failure rate ~7%),"” and case reports
have established the principles for OBS-3D lever arm
mechanics, but the performance of the method for a
series of complex I-U3s is unknown.

M Fig. 8:
A. Plaque accumulation leads to inflammation (red) of the marginal
gingiva particularly near an attachment (white arrow).
B. Gingival recession (white arrow) is noted on the labial surface
of the UL3. See text for details.

Intuitively, more rapid I-U3 recovery is expected in
younger patients,'® but the current study revealed
that the average treatment time (11.7 months) was
similar for children and adults (Fig. 7). In contrast to
a previous report with a smaller sample (n=30) of
primarily palatal impactions,’® the current study
found that the position of the I-U3 was the prime
determinant for duration of treatment. The current
sample (n=51) was primarily labial impactions (32),
which are wusually more difficult than palatal
impactions and are prone to complications,>6:8/10-12
particularly for a transposition.922-24 Patients with
complete transpositions were consistently more
difficult to treat, and required extended treatment
duration (>17 months) (Fig. 7).
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Most prevalence studies report about two-thirds of
I-U3 are palatal.?® However, |-U3s in Chinese are
two-thirds labial (facial) which probably reflects a
high prevalence for midface deficiency.?! In 1995,
Peck?? reported an international sample of
transposed I-U3s as: 1) first premolar 71%, 2) lateral
incisor 20%, and 3) all other teeth 9%. Tooth
transposition is almost always in the maxilla, and it
affects ~04%2* of the population worldwide, but
the anomaly is more common in Europeans (2%)2°
and Chinese (0.81%).”" In comparison, 67% of the
current Taiwanese sample (n=51) showed multiple
types of I-U3 transposition: coronal (21), radicular (2),
and complete (11).2° Transposition with the lateral
incisor (17) was the most common,?* but 12
involved both the central and lateral incisors, and 5
were transposed with the first premolar. The high
prevalence of difficult I-U3 transpositions suggests
preferential referral to the senior author’s clinic.

Complications associated with the surgically-
assisted 1-U3 recovery include gingival recession,
ankylosis,827 root resorption,?® and poor control of
axial inclination.6'8 Inadequate torque control is a
common problem when an |-U3 is aligned. Bracket
torque selection is helpful, but torquing auxiliaries
are commonly required. One of the more refractory
complications is the control of soft tissue
inflammation.202627° Oral hygiene is very difficult
particularly for patients with high impactions and
unfavorable soft tissue contours (Fig. 8). Plaque
accumulation produces inflammation and the
soreness discourages effective hygiene. Persistent
inflammation results in gingival recession. In
addition, the problem may be associated with
positioning the eyelet too near the CEJ (Fig. 8).
Moderate recession can usually be restored with

periodontal surgery, but severe recession and loss
of labial bone threatens the long-term outcome for
a recovered canine.?62/ The only patient in the
present series with severe gingival recession (Miller
Class ll)'6 was a labial impaction with massive loss
of buccal bone at the time it was surgically
uncovered (Fig. 8). Despite severe gingival recession
at the end of treatment, the affected U3 was well
aligned and functioned normally, but soft tissue
correction? may be necessary in the future.

Root resorption associated with U3 impactions in
Asians has a high incidence, up to 49.5%.%¢ The
adjacent lateral incisor root is the most commonly

M Fig. 9:
A. URT and UR2 (white arrow) are bonded with brackets and
engaged on the archwire.
B. Severe root resorption (white arrow) is noted on the URT and
UR2 after the impacted UR3 is retracted and extruded into the
arch. See text for details.
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affected tooth (Fig. 9).2° In comparison, the
prevalence of lateral incisor resorption for the
present sample was much lower (4/51 or 7.8%). This
positive outcome was associated with not
engaging a tooth near an impaction on the
archwire (Fig. 3), so that the root is free to move out
of the way as the impaction is recovered.?* Once
the canine is properly positioned in the arch, then a
full fixed appliance is indicated to achieve final
alignment.

Retention is often a difficult problem for recovered
impactions because a relapse tendency due to
stretched gingival supracrestal fibers.?0 Supracrestal
fiberotomy?! and a bonded fixed retainer are
recommended for reliable retention.

Conclusions

Surgically assisted recovery of I-U3s with a OBS-3D lever
arm is a reliable procedure with few complications.
CBCT imaging is used for prospectively planning
minimally invasive surgery and applied mechanics.
Careful removal of bone to the level of the CEJ is
required prior to applying traction. Progress should be
carefully monitored radiographically. Retention is best
accomplished with supracrestal fiberotomy followed
by a fixed retainer.
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Case Sex Side Facial (F) or Time Age at Tran§pose @i TeEr
No. RorlL Palatal (P) (months) surgery with
1 F L F n 13Y7M gingiva recession |
2 F R F 32 10Y6M 4
3 F R F 27 12Y6M 1,2 gingiva recession |
4 E L F 12 22Y3M 4,5 gingiva recession |
5 F R P 16 19Y9M 1,2
6 F R F 8 12Y3M 2
7 F R P 8 13Y 2
8 F R P 12 13Y2M 1,2
9 F R P 10 21Y5M 2
10 F R P 7 18Y1TM 2
L F 13 Y™ 1,2
] F s | w | oo nac ooy
12 F R F 4 nYnm
13 E L F 9 15Y8M
14 F L F 12 10YOM 2
15 F L P 12 15Y9
L F 27 18Y10M 2 oozing left side
16 F gingiva recession |
R F 27 18Y10M 2
7 F R P E 29Y 1,2 Iateragl’ii::gii;/cé:rrreocc(jtS Sri(-:-osr:)rlption
18 E L P 6 15Y1M 2 gingiva recession |
L F 7 14Y 2 gingiva recession |
19 F
R F 10 14Y 2
20 F R P n 1Y4M 1,2 gingiva recession |
21 F R P 5 11YOM 2
22 F L F 9 17Y2M 1,2 lateral incisor root resorption
23 F L F 5 22YOM gingiva recession |
24 F L F 9 15Y4M 2 gingiva recession |
25 F R F 13 11Y8M 2

M Table 1A: (continued on the next page)
51 maxillary impactions in 46 patients are classified according to sex, side (right or left), position (facial or palatal), total treatment time
(months), age at time of surgery, transposition with an adjacent tooth or teeth (1-8), and complications including gingival recession (Miller
type I, Il or li).




Surgical Correction for Impactions with the 0BS-3D Lever Arm JDO 71

R F 7 15Y3M
26 F

L F 7 15Y3M gingiva recession |
27 F R P 16 24Y5M 1,2 gingiva recession |
28 E R F 4 23Y1M 2 gingiva recession |
29 F L F 4 10Y1TM
30 F R F 6 10Y3M gingivarecession

lateral incisor root resorption
31 F L P 7 16Y2M 1,2 gingiva recession |
32 E L F 6 19Y2M 4,5 gingiva recession |
33 F L P 5 34Y gingiva recession Ill
34 F L P 7 20Y8M
35 F L P 8 20Y4M 1,2
36 M L F 17 12Y8M gingiva recession |
37 M L F 17 12Y4M 4 gingiva recession |
38 M L P 16 12Y7M gingiva recession |
39 M R F 31 12Y
40 M L F 6 13YOM
4 M L P 5 NnYnm 1,2
42 M L F 12 30Y gingiva recession ! .
lateral incisor root resorption
43 M L F n 1nYem 4 swelling
44 M R F 9 13Y 1,2 gingiva recession |
45 M L P 13 23Y2M 2
46 M L P 13 35Y1IM 2 gingiva recession |
Total 598

M Table 1B: (continued from the previous page)
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elements’IC

elements™ IC

Mode Button: toggle through the presets

360° Activation Ring On / Off Power Button
No
Connectors!
Inductive
Charging

Heat Plugger: same as
elementsfree and EOU

Mode Button: toggle through the presets

Gutta Percha Cartridge: 360" Reverse Button to retract the piston

On / Off Power Button

Indicator 4 3 2 1 0

Gutta Percha Level Full | 75% | 50% | 25% | Empty

improved metal stopper —E Activation
[ ing

The indicator estimates how many canals you can

. . obturate with the material left in the GP cartridge.
Aerogel insulation

around the heater
Configurable motor speed
X1 > elementsfree speed
X2 > double speed compared to
elementsfree for faster extrusion
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e-Books

Learn it your favorite way!

B f all
est of a The World's Best e-Textbook

Beethoven Dental Encyclopedia

Orthodontics e-Books collection

Beethoven Orthodontic and Implant Group has been publishing the International
Journal of Orthodontics and Implantology since 2007. This Journal features
excellently finished case reports evaluated by objective grading systems.

The Orthodontics and Implant Dentistry eBook series is a special selection
of exciting cases with interactive functions and multimedia resource. Once
opening this book, your understanding of dentistry will never be the same!

Now available in iBooks Store in 51 countries:

[+ BUY BOOK ] Argentina, Australia, Austria, Belgium, Bolivia, Brazil, Bulgaria, Canada, Chile, Colombia, Costa Rica, Cyprus,
Czech Republic, Denmark, Dominican Republic, Ecuador, El Salvador, Estonia, Finland, France, Germany,

This book requires iBooks 3.0 Greeee, Guatemala, Honduras, Hungary, Ireland, Italy, Japan, Latvia, Lithuania, Luxembourg, Malta, Mexico,

or later and iOS 5.0 or later. Netherlands, New Zealand, Nicaragua, Norway, Panama, Paraguay, Peru, Poland, Portugal, Romania,

SlovakiasSlovenia, Spain, Sweden, Switzerland, United Kingdom, United States, and Venezuela

Get iton
. iBooks

Step-by-step Instructions

%B% #GIRLBOSS ru%ﬂ i

1.Launch "iBooks" app 2. Click "Store." 3. 'Sign in" with your Apple ID. 4. "Create Apple ID" if 5. Search for "chrischang."
on your iPad. you don't have one.

= . If you are interested in our paid video or medical
. E*"'" products, contact inewton.dental@gmail.com
n?‘"".“” for more information.
\, +886-3-573-5676
) orthobonescrew.com
INewton
6. Click the book’s icon. 7. Check the price and 8. Once downloaded, click the book’s

click "BUY BOOK." icon to launch the e-book and enjoy.
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“From this book we can gain a detailed understanding of how to utilize this ABO system for case review and these
challenging clinical cases from start to finish.”
Dr. John JJ Lin, Taipei, Taiwan

“I'm very excited about it. | hope | can contribute to this e-book in someway.”
Dr. Tom Pitts, Reno, Nevadav, USA

“A great idea! The future of textbooks will go this way.”
Dr. Javier Prieto, Segovia, Spain

“No other book has orthodontic information with the latest techniques in treatment that can be seen in 3D format
using iBooks Author. It's by far the best ever.”
Dr. Don Drake, South Dakota, USA
“Chris Chang's genius and inspiration challenges all of us in the profession to strive for excellence, as we see him
routinely achieve the impossible.”
Dr. Ron Bellohusen, New York, USA
“This method of learning is quantum leap forward. My students at Oklahoma University will benefit greatly from
Chris Chang's genius. ”
Dr. Mike Steffen, Oklahoma, USA

“Dr. Chris Chang's innovation eBook is at the cutting edge of Orthodontic Technology... very exciting! ”
Dr. Doraida Abramowitz, Florida, USA
“Dr. Chang's technique is absolutely amazing and cutting-edge. Anybody who wants to be a top-tiered orthodontist
MUST incorporate Dr. Chris Chang's technique into his/her practice.”
Dr. Robert S Chen, California, USA

“Dr. Chris Chang's first interactive digital textbook is ground breaking and truly brilliant! ”
Dr. John Freeman, California, USA

“Tremendous educational innovation by a great orthodontist, teacher and friend.”
Dr. Keyes Townsend Jr, Colorado, USA

“| am awed by your brilliance in simplifying a complex problem.”
Dr. Jerry Watanabe, California, USA

“Just brilliant, amazing! Thank you for the contribution.”
Dr. ErrolYim, Hawaii, USA

“Beyond incredible! A more effective way of learning.”
Dr. James Morrish Jr, Florida, USA
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Dr. Chris Chang’s favorite part of his trip to Singapore in June was the
Gardens by the Bay right next to the hotel he stayed in. After almost 3 years
without going overseas due to COVID, Dr. Chris was also happy to catch up

with one of his most dedicated students, Dr. Chao Pan.



