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- American Orthodontic Innovation Award -

John Valentine Mershon Memorial Award

It is an incredible honor to stand before you today as the recipient of the
John Valentine Mershon Memorial Award. This award holds a profound
significance - not only because of its prestigious legacy within the American
Association of Orthodontists, but also because of what it represents: a
commitment to
profession.

innovation, education, and the advancement of our

| am deeply humbled to be included among the distinguished individuals
who have received this award before me. It is both a recognition of past
efforts and a powerful encouragement to continue striving for excellence in
orthodontic care and research.

| would like to express my heartfelt gratitude to the AAO and the awards
committee for this meaningful recognition. Thank you for believing in the
value of my contributions. | also want to thank my mentors, colleagues,
patients , my lovely wife and two daughters - each of whom has inspired and
challenged me in different ways along this journey.

This moment is not just a personal milestone; it is a reminder of the shared
mission we all carry as orthodontists - to continually grow, to give back, and to
shape the future of our field with integrity and purpose.
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JDO 77 CASE REPORT

Conservative Treatment of an Angle Class Il
Malocclusion with Severe Open Bite and Negative
Overjet with Clear Aligners

Abstract

History: A 31-year-old male presented for orthodontic consultation with a severe Class Il malocclusion, anterior open bite of 5 mm, and a
posterior crossbite on both sides.The chief complaints were poor esthetics and inadequate masticatory function.

Diagnosis and Etiology: A narrow upper arch and constricted in the 15t molars area, resulted in a crossbite relation on both sides. There was
a wide lower arch and moderate crowding in the lower anterior dentition. Anterior open bite was 5 mm, extending to the 2nd premolar area.
There was a full-cusp Class Ill malocclusion with end-to-end crossbite on both sides. However, cephalometric analysis showed a Skeletal Class
I relationship with a straight profile. The etiology for the the anterior open bite is likely related to external factors such as pre-existing thumb-
sucking as a child and existing habits such as mouth breathing and interincisal tongue posture which inhibited eruption of upper and lower
anterior teeth. There was proclination of upper incisors and crowding of lower incisors. A high mandibular angle (FMA, 35°) led to a
hyperdivergent facial pattern, anterior open bite, and Class Ill malocclusion.

Treatment: A non-surgical, orthodontic approach with clear aligners and elastics was planned. Full pre-treatment evaluation was carried
out. Digital intraoral scanning for digital impressions were done by iTero Element Il. Full records and prescription form were submitted for
Invisalign comprehensive clear aligners. On arrival of the aligners, a set of 59 aligners was prescribed. After one week, at the second visit,
attachments where bonded, and early Class Ill elastics were used. The patient was appointed every 4 weeks, with 7-day intervals between
aligner changes. On completion of the aligner treatment, a significant improvement in overjet and overbite, as well as Class | molar and
canine relationships on both sides, were achieved. Retention was done with clear retainers. (J Digital Orthod 2025,77:4-20)

Outcomes: Treatment goals were achieved after 18 months of treatment with clear overlay aligners.

Key words:
Class Ill malocclusion, Class Ill molar relationship, open bite, crossbite, Class Ill elastics, overjet, overbite

Introduction

A 31-year-old male presented with chief complaints
of incompetent lips and anterior open bite. He was
previously seen by other orthodontists and was
told only surgery can solve his problem. Oral soft
tissues, periodontium, frena, and gingiva were
examined. All were found to be within normal
limits. Oral hygiene was very good. No significant
medical or dental histories were noted.

Diagnosis and Etiology

Pre-treatment facial and intraoral photographs (Fig.
1) showed a hyperdivergent facial pattern with a
straight profile, incompetent lips, and protrusive
lower chin. The pre-treatment close-up photographs
(Fig. 1) showed a normal lip line smile and 5-mm
anterior open bite extending to the 2nd premolars on
both sides. The open bite was prominent at the
canine area. There was proclined upper anteriors and
moderate crowding of lower anterior teeth. A
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M Fig. 1: Pre-treatment facial and intraoral photograph

constricted upper arch at premolars and 1st molars
resulted in crossbites on both sides. A 7-mm Class Il
malocclusion at 1st molars and canines was
observed on both sides. All four wisdom teeth were
fully erupted (Fig. 1). The lower mid line was shifted
2 mm to the right side. The patient complained
about occasional pain and discomfort in the

temporo-mandibular joints (TMJs). He reported
mouth breathing habit since childhood because of
chronic blocked nose and recurrent pharynagitis. Pre-
treatment panoramic and cephalometric
radiographs are shown in Figs. 3 and 4, respectively.
Cephalometric analysis showed a hyperdivergent
skeletal Class | pattern with a protrusive mandible
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M Fig. 3: Pre-treatment panoramic radiograph

M Fig. 4: Pre-treatment cephalometric radiograph

and severe Class Ill dental relationships, as seen
clearly in the pretreat mentintraoral digital scans (Fig.
2). The pre-treatment panoramic radiograph showed
no significant pathological lesions in the hard tissues
(Fig. 3). From the pre-treatment cephalometric
radiograph (Fig. 4), pre-treatment analysis data
showed the ANB angle was 1°, the FMA angle was
35°, the upper incisors were proclined 109°, and the
lower incisors were retroclined 90° to the mandibular
plane. The cephalometric values are summarized in
Table 1. The American Board of Orthodontics (ABO)
Discrepancy Index (DI) was 70, as documented in
Worksheet 1. The patient was successfully treated
with a conservative non-surgical protocol with
extraction of the lower 39 molars only and Class Il
elastics. Lower molars retraction protocol and the use
of early Class Il elastics for anchorage were
prescribed. A satisfactory esthetic smile was achieved
at the end of the treatment, with a Cast-Radiograph
Evaluation score of 1 and Pink and White score of 3 as
documented in Worksheets 2 and 3 respectively.

Treatment Objectives
In order to improve esthetics of the patient’s smile,

treatment objectives were (1) sequential retraction of
lower posterior teeth to produce a Class | molar and
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canine relations on both sides, (2) expansion of the
upper arch around the 1st molars and premolars
area to correct the crossbite, and (3) extrusion and
retraction of anterior teeth to correct the open bite.
Extrusion of the upper premolars corrects lateral
open bite on both sides Retraction of the lower
anterior teeth produces relative extrusion added to
the absolute extrusion to improve the vertical
dimension of occlusion (VDO). Selective proclination
and retroclination of lower anterior teeth to correct
the moderate crowding. The patient’s chief concerns
were esthetics beside the difficulty to close the lips
and incising food (Fig. 1). An orthognathic surgical
option was previously suggested by other
orthodontists, but the patient declined this option
because it was too aggressive for him. Therefore,
extractions of lower 3 molars on both sides were
planned to provide space for arch retraction prior to
intraoral scanning were carried out (Fig. 2). An
orthodontic treatment of light force with clear aligner
system (Invisalign System Align Tech Inc, San Jose,
CA) was recommended to meet the patient’s needs:

Treatment goals:

1. Improve overjet and overbite.

2. Achieve Class | molar and canine on both sides.
3. Correct crossbite on both sides.

4. Align lower anterior teeth.

Treatment Strategies :

1. Sequential retraction by 50% of lower
posterior teeth

2. Retraction of lower anteriors

3. Constriction of lower arch

4. Expansion of upper arch

5. Extrusion of upper incisors and premolars
6. Intrusion of upper and lower molars

7. Early Class Il elastics as inter-arch anchorage
hooked from buttons and cutouts

Treatment Progress

The total treatment period was 18 months. The final
result was documented in the finish records (Figs.
5-8). A dental scan was taken with iTero Element I
(Align Tech Inc., San Jose, CA), and full records were
submitted to start the analysis and treatment
planning of the case. Instructions to the CAD
designer were given as follows: sequential retraction
of lower posterior teeth, expansion of upper arch
URS5, and no placements of cuts and hooks, which
were made manually later on. The treatment
simulation of the initial Clincheck (Invisalign
System, Align Tech Inc, San Jose, CA) was
satisfactory, and minor modifications were made
with 3D control. The second Clincheck was
approved after reviewing the desired
biomechanics design and treatment outcome.

A total of 59 aligners were used. The interval for
changing was every 7 days. The treatment began on
delivery of the first aligners without placing
attachments for one week to allow the patient to
accommodate with speech and assure more
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M Fig. 6: Posttreatment smile of the patient M Fig. 7: Posttreatment panoramic radiograph
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M Fig. 8: Posttreatment cephalometric radiograph

comfort and ease of use. The patient was instructed
to wear them full time of 22 hours and was advised
to remove them when eating and brushing teeth
only. One week later, the patient was seen, and the
teeth were polished and prepared for adhesion of
attachments with the attachment template. The
composite resin used was SDR Flow Bulk Fill
flowable composite (SDR Flow, Dentsply Sirona,
Germany).

Attachments were bonded as follows :
Upper arch :

1. Conventional rectangular horizontal
attachments on UR7, UL6,and UL7

2. Optimized multiplane attachment on UR6

3. Optimized root control attachments on UR5, UR4,
UR3, UL4, and UL5

4. Optimized extrusion attachments UR2, UR1, ULT,
UL2,and UL3

Lower Arch:

1. Conventional rectangular vertical attachments
on LR7 LR6, LL6,and LL7

2. Optimized root attachments on LR5, LR4, LL3,
and LL4

3. Optimized rotation attachments on LR3 and LL5

The digital simulation of the treatment outcome was
designed to meet the treatment goals (Fig. 9).

At aligners #5, three composite buttons (SDR Flow,
Dentsply Sirona, Germany) were bonded on the
upper canines and lower canines and 1st premolars
on both sides. Cutouts were made at corresponding
sites on aligners #5, 6, 7 and 8. The patient was
requested to mount elastics in triangular shape (Fig.
10) on both sides while wearing the aligners. At week
9, lingual buttons were bonded on the palatal
surfaces of the upper 1st molars and cutouts were
made on the corresponding sites on the aligners
together with the buttons on the lower canines.
Other composite buttons were removed, and Class Il
elastics (Fox, 1/4-in, 3 oz, Ormco, CA) were
prescribed. Metal buttons were bonded on the
lingual surfaces of upper first molars, and two other
composite buttons were bonded on the labial
surfaces of the lower canines. Cutouts on the aligners
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WFg.o:
The Initial ClinCheck views show initial teeth position (blue) and
simulated final position (white).

were made at the corresponding sites. Two elastics
were hooked on the buttons (Fox, 1/4-in, 3 0z Ormco,
CA) as Class lll elastics on each side. The patient was
given instructions on how to hook elastics and was
requested to keep them hooked at all times and
change every 8 hours (Fig. 11) when taken off to eat
or brush teeth.

The patient was instructed to wear the last aligners
and keep Class Il elastics at night only till the arrival
of the new aligners. A new scan was taken after
aligners #59, and a new ClinCheck was generated
and modified to meet the following requirements :

1. Buccal root torque of upper 1st molars
2. IPR of lower anteriors

3. Cuts for buttons on buccal surfaces of upper first
molar and canines on both sides

Modifications in the attachments were as follows :

1. All the existing attachments were removed.

2. New optimized retention attachments on URG,
LR4, and LR3

3. New optimized retention attachments on UL6
and LL4

4. Optimized rotation attachment on LL3

5. IPR of 0.2 mm between lower anterior teeth to
reduce the black triangle effect

The additional aligners consisted of 7 active aligners
and 3 extra pairs for over correction for both arches.
All the old attachments were replaced by new
attachments as needed. The new attachments were
placed with the use of a new template. Four metal
buttons were bonded at the place of corresponding
cuts, and Class lll elastics (Fox, 1/4-in, 3.5 oz, Ormco,
CA) were advised for full-time while using aligners. At
week 8 of the additional aligners, the patient was
seen every week before the insertion of the new
aligners for over correction. After aligner #10, all the
planned goals were achieved with satisfying results.
All attachments were removed, and final records of
photos, X-ray, and digital scans for clear retainers
were taken. The patient was advised to wear aligner
#10 for full time to hold the teeth in place and to
wear Class Il elastics at night time only while waiting
for the retainers.

Retention

Digital scans for clear removable retainers were taken
with iTero scanner. Clear retainers (Vivera, Align Tech,,
CA) were delivered after two weeks and advised to
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M Fig. 10: Triangle elastics and bite block effect

CEPHALOMETRIC SUMMARY
PRE-TX POST-TX  DIFF.

SKELETAL ANALYSIS

SNA® (82°) 78° 77° 1°

SNB° (80°) 77° 77° 0°

ANB® (2°) 1° 0° 1°

SN-MP° (32°) 44 41° 3°
FMA® (25°) 35° 34° 3°
DENTAL ANALYSIS

U1 TO NA mm (4 mm) 6 6 0

U1 TO SN”° (104°) 109° 106° 3°
L1 TO NB mm (4 mm) 5 3 2

L1 TO MP° (90°) 90° 75° 13°
FACIAL ANALYSIS

E-LINE UL (-1 mm) -7 -7 0

E-LINE LL (0 mm) ) = 0

%FH: Na-ANS-Gn (53%) 54% 55% 1%
Convexity:G-Sn-Pg’ (13") 25° 17° -8°

B Table 1: Cephalometric summary

be used full time for six months. Cuts were made
manually for Class Il elastics to be used at night only
with fox elastics (Fig. 12).

M Fig. 11¢c: Occlusal view shows the sites of bonded buttons.
Treatment Results

Posttreatment documentation with photographs
(Figs. 5 and 6), radiographs (Figs. 7 and 8),
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cephalometric measurements (Table 1), and
superimposed tracings (Fig. 13) indicated that both
the overbite and over jet were within normal
ranges. Class | molar and class | canine at both sides
were achieved. Alignment and retraction of lower
anteriors and crowding was eliminated. Extrusion
of upper anteriors, closing of the open bite, and
leveling of the curve of Spee were achieved. Two
sets, a total of 69 aligners for both arches, over 18
months produced the final results as planned in
the treatment goals and were close to the original
3D ClinCheck projection.

Discussion

The biomechanics of clear aligners could be
described as a sequence of crown tipping and root

M Fig. 13:
Superimposed cephalometric tracings show the dentofacial changes after 18 months of treatment (red) compared to the pre-treatment
position (blue).
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uprighting.! The current evidence in the literature of
suggested that the clear aligners were effective in
correcting Class Il malocclusion with molar
retraction.? The amount of molar retraction is about
2 to 3 mm, which helps in achieving molar and
canine Class I relationship and also improvement of
the facial profile. Clear aligner treatment is a good
approach for resolving vertical discrepancies like
deep bite and open bite. Successful treatment
results using clear aligners for these discrepancies
were reported in the literature.> Open bite is one of
the favorable scenarios to be solved by aligners#
The bite block effect adds an intrusive force on
posterior teeth.> In orthodontics, the biomechanics
of open bite treatment depends on 1. extrusion of
anterior teeth, 2. intrusion of posterior teeth and, 3. a
combination of both mechanics.® The etiology of
this vertical discrepancy is commonly developed at
early age during the growth period.” Para-functional
habits like tongue thrust, thumb sucking, mouth
breathing, and malfunction swallowing play a big
role in intervention of development of normal
overbite and overjet. This case was diagnosed as a
Class lll canine and molar with open bite of 5 mm
and negative overjet of 3 mm. Moderate crowding
of lower anteriors was detected and a narrow upper
arch with lateral crossbites at premolars and 1st
molar could be observed on both sides. The
treatment plan was set to achieve the following
goals: 1. Class | molar and canine, and 2. normal
overjet and overbite. The treatment strategies were
designed as follow: 1. sequential retraction of lower
posteriors, 2. expansion of upper lateral segment to
correct the lateral crossbite, 3. extrusion of upper
and lower anteriors, and 4. intrusion of upper and
lower posteriors. Lower 3rd molars were extracted on
both sides before delivering aligners #1. Sequential

retraction was done by 50%, meaning that distal
movement of lower 2nd molar was initiated first and
once it reached 50% of the distance, the retraction
of 1st molars was started at aligners #5. Vertical
attachments were requested on the lower molars to
facilitate engagement of aligners and teeth by
increasing the surface area.? Retraction of 2nd molar
does not require anchorage as the whole arch
supplies it (Figs. 14 and 15).9 At this early stage of
treatment, triangular elastics and the bite block
effect of the the aligners induced a wedge effect
and aided in extrusion of anterior teeth and
intrusion of posterior teeth.”® Reduction in the
vertical discrepancy was noted. The retraction of 1st
molar needed anchorage. Class Il elastics used for
anchorage to over come the side effect of retraction
and prevent flaring of lower anteriors.”"  Moreover,
the Class Il elastics induced an auto-rotation of the
mandible in counter-clockwise direction and helped
in reducing the open bite. When the lower 1st
molars reached 50% of the distal distance, the 2nd
lower premolars started to retract and then the 1st
premolars and canines. A good space of around 2
mm was observed distal to lower canines (Fig. 15).
This space was enough for correcting canine
relation to Class | and relieving the crowding in the
lower anterior teeth. Lower anterior teeth were
moved in a conservative pattern and round tripping
was avoided. In the upper arch, expansion was
achieved through buccal tipping and with the aid of
the cross- and Class Il elastics which extended from
palatal buttons on upper 1st molars to lower buttons
on the lower canines. This mechanism helped not
only in the expansion and anchorage but also for
the mandible to auto-rotate to reduce the open bite.
Buccal root torque of molars was needed to upright
molars and to avoid posterior opening of the bite
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M Fig. 15: Lateral view shows the progress of sequential retraction and correction of open bite in weeks (W).
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due to crown buccal tipping and premature occlusal
contacts. In the additional aligner treatment plan,
buccal root torque of upper molars was planned to
overcome the posterior open bite (Fig. 16).2 Anterior
open bite was corrected with: 1. Intrusion of posterior
teeth by true intrusion forces with the aid of bite
block effect, as well as relative intrusion by buccal
root torque of the upper and lower molars; and 2.
extrusion of anterior teeth by true extrusion of upper

M Fig. 17: Two years follow up intra-oral photos

and lower incisors and relative extrusion of lower
incisors due to retraction and uprightness of lower
anterior teeth. In general, the open bite was
corrected by a combination of these forces.”> The
cephalometric analysis showed all these
movements (Fig. 13) and the effect of the
mandibular counter-clockwise rotation, which
improved the overbite. The patient was requested
to use Class Il elastics with clear removable
retainers to maintain the results. The two-year
follow-up showed the retention of the treatment
results (Fig. 17).

Conclusions

Clear aligners are a therapeutic modality that can
be effectively employed for adult non-surgical
treatment of Class Il with severe open bite.
Sequential retraction with Class Il elastics as
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anchorage and auto-rotation of the mandible played
a big role. Vertical attachments on the lower molars
are recommended for retraction to increase the
surface area and the aligner-teeth engagement.
Extrusion and intrusion of teeth are applied
depending on existence of a flat curve of Spee and
low lip line. Both mechanics work in true and relative
forms, and should be employed carefully. Expansion
of upper posterior segment is mainly achieved by
crowns tipping and could be controlled by adding
buccal root torque. Careful observation of lower
anterior teeth during retraction was necessary. Relative
extrusion was induced and lingual root torque was
needed to maintain roots within the bone envelope.
Class Il elastics at night with clear removable retainers
to maintain the results is recommended.
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Discrepancy Index Worksheet

TOTAL D.I. SCORE 70 LINGUAL POSTERIOR X-BITE
OVERJET 1 pt. per tooth Total = III
0 mm. (edge-to-edge) =
1 -3 mm. = 0 pts. BUCCAL POSTERIOR X-BITE
3.1-5mm. = 2 pts.
STty ul 3 pts. 2 pts. Per tooth Total = III
7.1 -9 mm. = 4 pts.
> 9 mm. = 5 pts. CEPHALOMETRICS  (See Instructions)
Negative OJ (x-bite) 1 pt. per mm. Per tooth = ANB > 6° or < -2° — 4 pts.

Total = Each degree < -2° x 1 pt. =

Each degree > 6° x 1 pt. =
OVERBITE SNMP
0-3 mm. = 0 pts. . .
3.1-5mm. = 2 pts. > 38 {2 pts. )
5.1 -7 mm. = 3 pts. ~138° 6 _ 12
Impinging (100%) _ 5 pts. Each degree > 38 x 2 pts.
<26° =1 pt.

Total B III Each degree < 26° x 1 pt. =
ANTERIOR OPEN BITE I to MP =99 =1Ipt
0 mm. (Edge-to-edge), 1 pt. per tooth Each degree>99"__ x1pt. =

Then 1 pt. per additional full mm. Per tooth

Total =

OTHER  (See Instructi
LATERAL OPEN BITE SRR (SeeInstructions)
Supernumerary teeth x 1 pt.
2 pts. per mm. Per tooth Ankylosis of perm. Teeth x 2 pts. =
Total = Anomalous morphology x 2 pts. =
Impaction (except 3t molars) x2pts. =
CROWDING (only one arch) Midline discrepancy (= 3mm) @2 pts. =
1-3mm _ 1 pt Missing teeth (except 3 molars) _____ x 1 pt. =
3.1-5mm. - 2 pts. Missing teeth, congenital x2pts. =
5.1 -7 mm. = 4 pts. Spacing (4 or more, perarch) _____ X2 pts. =
>7 mm. = 7 pts. Spacing (Mx cent. diastema >2mm) @ 2 pts. =
Tooth transposition x2pts. =
Total = Skeletal asymmetry (nonsurgical tx) @ 3 pts. =
Addl. treatment complexities x2pts. =
OCCLUSION Identify:
Class I to end on = 0 pts.
EndonClass Il or III = 2 pts. per side pts.
Full Class II or IIT = 4 pts. perside 8 pts Total = III
Beyond Class [T or III = 1 pt. per mm. pts.

additional

Total
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Cast-Radiograph Evaluation

Occlusal Contacts

1

Total Score: 1

Alignment/Rotations

0

Bucea Surface

L Mo R

L R
0 Lingual Surface

Occlusal Relationships

g

Interproximal Contacts

0 0

R ax L L MD R

0 0

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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Esthetic Score

Total Score =

0

1. Esthetic Score

2. Esthetic Score (for Micro-esthetic)

Total =

1.M & D Papillae

2. Keratinized Gingiva

3. Curvature of Gingival Margin
4. Level of Gingival Margin

5. Root Convexity ( Torque)

6. Scar Formation

1.M & D Papillae

2. Keratinized Gingiva

3. Curvature of Gingival Margin
4. Level of Gingival Margin

5. Root Convexity (Torque )

6. Scar Formation

1
01 2
01 2
01 2
01 2
01 2

Total =

1. Midline

2. Incisor Curve

3. Axial Inclination (5°, 8%, 10°)
4, Contact Area (50%, 40%, 30%)
5.Tooth Proportion

6. Tooth to Tooth Proportion

1. Midline

2. Incisor Curve

3. Axial Inclination (5%, 8°, 10°)
4. Contact Area (50%, 40%, 30%)
5.Tooth Proportion

6. Tooth to Tooth Proportion

2
01 2
01 2
01 2
01 2
01 2
01 2
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Severe Class Il Malocclusion
with Anterior Crossbite and Anterior Crowding:
Camouflage Treatment with Premolar Extractions

Abstract

History: A 33-year-old male presented with chin protrusion and crossbite.

Diagnosis: A skeletal Class Ill relationship (SNA, 81°; SNB, 85.5°; ANB, -4.5°) along with a full-cusp Class Il molar and canine
relationships were noted. Dental analysis revealed retroclined upper central incisors (U1-to-NA, 9 mm; Ul-to-SN, 103.5°) and
retroclined lower incisors (L1-to-NB, 7 mm; L1-to-MP, 83.5°) with an overjet of -4 mm and an overbite of 5 mm. The facial profile was
concave. The Discrepancy Index (DI) was 39.

Treatment: Extractions of both maxillary second premolars and mandibular first premolars were performed to create enough space
for relieving the anterior crowding and retracting the mandibular arch. A passive self-ligating fixed appliance was utilized with Class
Il elastics, bite turbos, and open coil springs.

Results: After 39 months of treatment without orthognathic surgery, a near-ideal profile and satisfactory occlusal alignment were
achieved. The Cast-Radiograph Evaluation score was 10, and the Pink and White esthetic score was 7. There were two main
discrepancies: the upper right first premolar, lower left second premolar, and lower right first molar were rotated. In addition, the
mesiobuccal cusp of the lower left second molar was 1T mm out of contact, and the distobuccal cusp was 2 mm out of contact.

Conclusions: This case report demonstrates that premolar extraction is crucial in treating a severe Class Il malocclusion with
anterior crowding. Torque selection is vital for controlling the axial inclination of incisors. Using specific brackets and Class il elastics
potential torque loss was compensated. Class Ill elastics combined with posterior and anterior bite turbos, as well as open coil springs,
effectively corrected the anterior crossbite and facilitated overjet correction while minimizing patient discomfort. (J Digital Orthod
2024,77:24-39)

Key words:

Skeletal Class Ill, full-cusp Class lll, anterior crowding, anterior crossbite, premolar extraction, passive self-ligating appliance,
camouflage treatment

Introduction

The prevalence of Class Il malocclusions varies across
populations, ranging from approximately 4% in

Caucasians to over 14% in Asians.! In Asian countries
such as Japan, patients often exhibit a significantly
shorter anterior cranial base, a wider gonial angle,
and an increased lower anterior face height. Due to
the smaller maxilla, backward rotation of the

mandible is required to achieve a proper occlusion.?
Individuals with Class lll malocclusions may present
with a combination of dental and skeletal
discrepancies that contribute to this condition.

For adult patients with a skeletal Class Ill malocclusion,
treatment typically involves a combination of
orthodontic and surgical procedures. However,
camouflage treatment can also be effective,
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W Fig. 1: Pre-treatment facial and intraoral photographs

depending on the severity of the condition. Adults
with a mild to moderate skeletal Class Il malocclusion
and a relatively good facial profile can be treated with
camouflage techniques. These treatments may

include tooth extractions, retraction of the mandibular
dentition, and the use of Class lll intermaxillary elastics.
Camouflage treatment aims to procline the upper
incisors and retrocline the lower incisors. The goal is to
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achieve acceptable occlusion, function, and facial
esthetics through dentoalveolar compensation.3©

The dental nomenclature for this report is a modified
Palmer notation. Upper (U) and lower (L) arches, as
well as the right (R) and left (L) sides, define the four
oral quadrants: UR, UL, LR, and LL. Teeth are
numbered 1-8 from the midline in each quadrant,
e.g. a lower right first molar is LR6.

History and Etiology

A 33-year-old male presented for an orthodontic
consultation with the chief complaints of chin
protrusion and crowding. Medical and dental
histories were noncontributory. A clinical
examination revealed a bilateral full-cusp (> 10
mm) Class Il malocclusion which was further
complicated by an anterior crossbite, deep bite,
and midline deviation (Figs. 1 and 2). There were
neither contributing dental traumas, oral habits,
nor significant signs and symptoms of
temporomandibular disorder (TMD).

Fig. 2: Pre-treatment study models (casts)

Diagnosis
Facial:

- Lower facial height: within normal limits (WNL),
Na-ANS-Gn 50% (Table 1)

- Convexity: concave profile with protrusive chin (G-

Sn-Pg; -2.57)
« Symmetry: WNL

« Smile: Low smile line

Skeletal:
. Skeletal Class Ill (SNA, 81°, SNB, 85.5°, ANB -4.5°)
- Mandibular Plane: WNL (SN-MP, 35", FMA, 28°)

. Vertical Dimension of Occlusion (VDO): WNL
(Na-ANS-Gn, 50%)

« Symmetry: WNL
Dental:
- Classification: bilateral full-cusp Class Ill relationship
- Overjet:-4 mm (anterior crossbite)
« Overbite: 5 mm (deep bite)
- Posterior crossbite: UR4 and URS in linguoversion

- Symmetry: upper dental midline deviated 2 mm
to the right.

The Discrepancy Index (DI) was 39 as shown in the
subsequent worksheet (Worksheet 1).
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Treatment Objectives

The treatment objectives were to: (1) retract and
posteriorly rotate the lower arch; (2) relieve the
crowding in the lower anterior teeth; (3) correct the
crosshbite and deep bite; (4) align the upper dental
midline;and (5) improve the facial profile.

Treatment Alternatives

Plan A

Orthognathic surgery is the conventional
approach to correct the skeletal component of a

CEPHALOMETRIC SUMMARY
SKELETAL ANALYSIS
PRE-TX POST-TX  DIFF.

SNA”® (82°) 81° 81.5° 0.5°
SNB* (80°) 85.5° 84.5° 1°
ANB° (2°) -45° -3° 1.5°
SN-MP° (32°) 35° 35° 0°
FMA® (25°) 28° 28° 0°
DENTAL ANALYSIS

U1 TO NA mm (4 mm) 9 9 0
U1 TO SN° (104°) 103.5° 110.5° 7°
L1 TO NB mm (4 mm) 7 2 5
L1 TO MP° (90°) 83.5° 80° 3.5°
FACIAL ANALYSIS

E-LINE UL (-1 mm) -4 -3 1
E-LINE LL (0 mm) 4 0 4

%FH: Na-ANS-Gn (53%) 50% 54% 4%

Convexity:G-Sn-Pg’ (13°)  -2.5° 3.5° 6°

M Table 1: Cephalometric summary

Class Il malocclusion. However, the patient refused
surgery because of the hospitalization, high cost,
and risk of complications.

Plan B

Camouflage treatment is directed at occlusal
correction and masking the skeletal discrepancy by:
(1) extracting UR5, UL5, LR4 and LL4; (2) applying
anterior and posterior bite turbos; (3) retracting the
mandibular arch with Class Il elastics; and (4) using
open coil springs to flare out the upper anterior
teeth (Fig. 3). These mechanics are designed to
correct the anterior crossbite and deep bite to
improve the protrusive lower lip. As the patient
refused surgery, camouflage treatment was chosen
for the correction of the malocclusion.

Appliances and Treatment Progress

After the prescribed extractions, a 0.022-in slot
Damon Q® passive self-ligating (PSL) appliance
(Ormco, Glendora, CA) was bonded on the lower
teeth in the 1st month of active treatment. The upper
teeth were engaged in the following month.

Bite turbos and Class Il elastics (blue line) are the keys to
speeding up overjet correction and shortening the period of
patient discomfort.
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Meanwhile, posterior bite turbos were added on L7s
to align the anterior teeth. The initial archwires for
both arches were 0.014-in CuNiTi. From the 2nd
month of treatment, the lower archwire was
changed to 0.014x0.025-in CuNiTi. To retract the
lower arch, the patient was instructed to wear early
light short elastics (Quail 3/167 2 oz) from U7s
through U6s to L3s. From the 6th month of treatment,
the upper archwire was changed to 0.017x0.025-in
TMA and the lower one to 0.016x0.025-in pre-
torqued CuNiTi. To effectively correct the crossbite,
anterior bite turbos were added from LR2 to LL2 and
open coil springs were placed between U4s and U6s
in the 7th month. The patient was instructed to wear
Class Il elastics (Kangaroo 3/16; 4.5 o0z) from U4s to
L3s. In order to speed up the space closure process,
lingual buttons were bonded on U4s and U7s in the
15t month. To reduce black triangles, interproximal

U: 0.014” CuNiTi

U: 0.017x0.025” TMA

reduction (IPR) was performed on the incisors in the
19th month of treatment. After 39 months of active
treatment, all fixed appliances were removed.
Treatment and sequencing details are shown in Table
2 and Figs. 4-6.

Treatment Results

Facial esthetics, dental alignment, and intermaxillary
occlusion were remarkably improved. According to
the panoramic radiographs (Figs. 7 and 8), there was
already bone defects around UR2, UR3, UR5-7, UL6,
and ULY before treatment, but these defects did not
seem to worsen after treatment. Interestingly, the
bone defect around UR2, UR3, and UR6 was
improved. In addition, acceptable root parallelism
was also documented. The superimposed
cephalometric tracings show 7° increase of the axial

U: 0.016x0.025” SS

L: 0.014” CuNiTi L: 0.014” CuNiTi L: 0.016x0.025” Pre-Q NiTi L: 0.016x0.025” SS
U: 0.017x0.025” TMA U: 0.017x0.025” TMA U: De-bond

M Fig. 4:

Treatment progression - frontal view from the start of treatment (OM) to the end of treatment (39M), as well as at 5-year follow-up (5Y FU)
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U: 0.014” CuNiTi U: 0.017x0.025” TMA U: 0.016x0.025” SS

oM s oM
L: 0.014” CuNiTi L: 0.014” CuNiTi
U: 0.017x0.025” TMA U: 0.017x0.025” TMA U: De-bond
e = ‘ ,.. T ——

M Fig. 5: Treatment progression - left buccal view with archwires specified in grey labels

U: 0.014” CuNiTi U: 0.017x0.025” TMA U: 0.016x0.025” SS

L: 0.014” CuNiTi L: 0.014” CuNiTi L: 0.016x0.025” Pre-Q NiTi L: 0.016x0.025” SS
U: 0.017x0.025” TMA U: 0.017x0.025” TMA U: De-bond

M Fig. 6: Treatment progression - right buccal view with archwires specified in grey labels




JDO 77 CASE REPORT

Month Archwire Notes
0 L:0.014-in CuNiTi Damon® appliance was bonded on the mandibular arch from LR7-LL7 except L5s.
1 U: 0.014-in CuNiTi Damon® appliance was bonded on the maxillary arch from UR7-UL7 except U4s.
L: 0.014-in CuNiTi Bite turbos were added on L7s.

U: 0.014-in CuNiTi Bite turbos height on L7s was increased.

2 ) . — Damon® appliance was rebounded on UR7.
A (O HUZH (SN Bilateral elastics (Quail, 3/16 in, 2 0z) were applied from U7s through U6s to L3s.
U: 0.014-in CuNiTi ® . )
3 L: 0.014x0.025-in CuNiTi Damon® appliance was rebonded on LR2-LL2.
5 U: 0.014-in CuNiTi Damon® appliance was rebonded on Ur2 and LR5.
L: 0.016x0.025-in Pre-Q CuNiTi  Bilateral elastics (Quail, 3/16 in, 2 0z) were applied from U7s and U6s to L5s.
6 U: 0.017x0.025-in TMA Ligature ties (PTs) were inserted on UR3-ULS3.
L: 0.016x0.025-in Pre-Q CuNiTi  Power chains (PCs) were inserted.
7 U: 0.017x0.025-in TMA Bite turbo was added on UR2-LL2.
L: 0.016x0.025-in Pre-Q CuNiTi  Open coil springs (OPs) were placed between U4s and U6s.
U: 0.017x0.025-in TMA Both bite tl_eros on L6s and LR2-LL2 were removed.
9 L- 0.016x0.025-in Pre-Q CuNiTi PCs were inserted.
- O-0TOxX. : e UNITL Bilateral elastics (Kangaroo, 3/16 in, 4.5 0z) were applied from U4s to L3s.
U: 0.014x0.025-in CuNiTi OPs on Udfs and U6s were removed.
10 L: 0.016x0.025-in SS PCs were inserted.
- 001X n Bilateral elastics (Kangaroo, 3/16 in, 4.5 0z) were applied from U4s to L3s.
11-14 U: 0.017x0.025-in TMA PCs were inserted.
L: 0.016x0.025-in SS Bilateral elastics (Quail, 3/16 in, 2 0z) were applied from U7s and U6s to L5s.
U: 0.016x0.025-in SS Lingual bu?tons were bonded on U4s and U7s.
15 L: 0.016x0.025-in SS PCs were inserted.
- O-U10XU. n Bilateral elastics (Quail, 3/16 in, 2 0z) were applied from U7s and U6s to L3s.
. . Damon® appliance was rebonded on LR3, LR5, and LL5.
19 tj g 811‘?)(00 .(())2255_-.|n g’ SN'T' Interproximal reduction was performed on incisors.
- O-014x0. in LUl Torquing springs were placed on L5s.
20 U: 0.014x0.025-in CuNiTi Damon® appliance was rebonded on UR6, UR7, UL6, UL7, LL5, and LL6.
L: 0.014x0.025-in CuNiTi PTs and PCs were inserted.

. r Torquing springs were placed on L3s.
21 U: 0.017x0.025-in TMA PTs were inserted.

L: 0.017x0.025-in TMA . . . .
0.017x0.025-in Bilateral elastics (Fox, 1/4 in, 3.5 0z) were applied from U7s and U6s to L3s.

20 U: 0.017x0.025-in TMA Damon® appliance was rebonded on LR2.
L: 0.014x0.025-in CuNiTi Bilateral elastics (Quail, 3/16 in, 2 0z) were applied from U7s to L7s.
. . Damon® appliance was rebonded on LL5.
U: 0.017x0.025-in TMA .
23 1 0.014x0.025-in CuNTi PTs and PCs were inserted.
Torquing springs on L3s were removed.
U: 0.017x0.025-in TMA .
24 L: 0.017x0.025-in TMA PTs and PCs were inserted.
26-2g Y- 0.017x0.025-in TMA PTs and PCs were inserted.
L: 0.017x0.025-in TMA Bilateral elastics (Fox, 1/4 in, 3.5 oz) were applied from U7s and U6s to L3s.

M Table 2: Treatment sequence (continued on the next page) (Pre-Q: pre-torqued)
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Archwire

U: 0.017x0.025-in TMA Lingual buttons were bonded on U3s.

29 . g PCs were inserted.
L:0.017x0.025-in TMA Bilateral elastics (Fox, 1/4 in, 3.5 0z) were applied from U3s to L6s and L7s.
30 U: 0.017x0.025-in TMA Damon® appliance was rebonded on L5s.
L: 0.014x0.025-in CuNiTi PCs were inserted.
. . Damon® appliance was rebonded on LR5.
31 LLJ (()) 81177:8 82255:: _;I_-'\'XI: Torquing springs were placed on L5s.
e ’ Bilateral elastics (Fox, 1/4 in, 3.5 oz) were applied from U3s to L6s and L7s.
32 U: 0.017x0.025-in TMA Damon® appliance was rebonded on LR5.
L: 0.014x0.025-in CuNiTi PTs and PCs were inserted.
U: 0.017%0.025-in TMA Torquing spring was placed on LR5.
33 L: 0.017x0.025-in TMA PTs and PCs were inserted.
- D01, : Bilateral elastics (Fox, 1/4 in, 3.5 0z) were applied from U3s to L6s and L7s.
34.3¢ Y:0.017x0.025-in TMA PTs and PCs were inserted.
L: 0.017x0.025-in TMA Elastics (Fox, 1/4 in, 3.5 0z) were applied from UR1 and UL1 to LL3 and LL6.
39 Debond

M Table 2: Treatment sequence (continued from the previous page)

inclination of the upper incisors (U1-SN) (103.5" to
110.5%), while that of the lower incisors (L1-MP) was
relatively well-maintained (83.5° to 80°) (Figs. 9-11).
Moreover, the mandibular arch was retracted about 8
mm, and the lower lip was retracted about 4 mm,
coinciding with the E-line® The Cast-Radiograph
Evaluation (CRE) score was 10 points, as shown in the
supplementary Worksheet 2.9 The major
discrepancies were rotations and occlusal contacts.
(Figs. 12 and 13) Teeth with rotations were UR4, LL6,
and LR5. The LL5 buccal cusp was 2 mm out of
contact. Especially note that the LL7 mesiobuccal
cusp was 1 mm out of contact and the distobuccal
cusp 2 mm out of contact. The Pink and White dental
esthetic score was 7 points (Worksheet 3).10
Although the contact area scored 2 points, the
patient was very satisfied with the result.

B Fig. 8: Posttreatment panoramic radiograph
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M Fig. 9: Pre-treatment panoramic radiograph

Retention

Fixed lingual retainers were placed on all maxillary
incisors and from canine to canine in the
mandibular arch. Clear overlay retainers were
delivered for both arches. The patient was
instructed to wear them full time for the first 6
months and nights only thereafter. Instructions
were provided for home hygiene, as well as for
maintenance of the retainers.

Discussion

Extraction Considerations

Creating additional space within the dental arch is
essential for managing crowding or achieving
camouflage result. Common methods include

M Fig. 10: Posttreatment panoramic radiograph

interproximal reduction (IPR), extraction, and arch
expansion. When performing camouflage
treatment, extraction can effectively compensate
for skeletal discrepancies.”? Typically, molars and/or
premolars are chosen for extraction in Class Il
cases. Molar extraction provides more space (10-11
mm) for retraction compared to premolar
extraction (7 mm), although closing molar
extraction spaces is more time-consuming and
may lead to anterior crowding. Premolar extraction
effectively relieves crowding in the anterior
segment, despite potentially causing more torque
loss in lower incisors than molar extraction
does.”22 When dealing with severe anterior
crowding in Class Il malocclusion cases, extracting
the upper second premolars and lower first
premolars is commonly recommended.
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W Fig. 11:

Pre- (black) and posttreatment (red) cephalometric tracings are superimposed on the anterior cranial base (left), the maxilla (upper right),
and the stable internal structures of the mandible (lower right). See text for details.

Torque Selection and Control

Class Il camouflage treatments typically involve
proclining the maxillary incisors and retroclining
the mandibular incisors to improve the dental
occlusion. Differential bracket torque selection is
crucial for controlling the axial inclination of these
teeth.”* Normally, low-torque brackets are used for
upper anterior teeth and high-torque brackets are
selected for lower anterior teeth to compensate for
potential side effects from the mechanics of Class
[ll elastics. Since high-torque brackets are
unavailable in the Damon system for lower anterior
teeth, upside-down low-torque brackets were used
to elicit such effect. The mechanics of Class I
elastics compensated for the upper anterior torque

loss resulting from upper premolar extraction.
Hence, for this patient, standard-torque brackets
were chosen for upper anterior teeth (Fig. 14).
Alternatively, high-torque brackets could also be an
option for upper anterior teeth. Class Il elastics
were applied to increase the lower incisor torque
while reducing the upper incisor torque after
correcting the negative overjet from the 29th to the
33rd month. Varying bracket torque facilitated
differential moment delivery using rectangular
leveling archwires early in the treatment. When a
rectangular archwire fails to provide sufficient
torque, a pre-torqued Ni-Ti archwire (0.016x0.025"/
0.019x0.025" with 20° torque) is recommended to
achieve favorable facial root torque.’>'¢ In this case,
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M Fig. 12: Posttreatment facial and intraoral photographs

a 0.016x0.025 pre-torqued Ni-Ti archwire was used
on the mandibular arch from the 5th to the 9th
month, resulting in satisfactory torque control of
the lower incisors as shown in the superimposed
cephalometric tracings (Fig. 11).

Correction of Anterior Crossbite

Class Ill elastics were utilized to correct the anterior
crossbite, in combination with posterior bite turbos

to initiate the treatment. Posterior bite turbos were
placed on the lower molar occlusal surfaces to
open the bite.”8 Anterior bite turbos on the
lingual side of the lower incisors were only added
to facilitate overjet correction after the lower
incisors were aligned. Minimizing patient
discomfort is crucial, especially considering that
jumping the bite can lead to discomfort. Open coil
springs placed between the upper first premolar
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and upper first molar bilaterally facilitated overjet
correction by flaring the upper anterior teeth (Fig.
10). The treatment mechanics incorporated Class
Il elastics, bite turbos, and open coil springs,
making the correction process more manageable
and less painful for the patient.

Timing of Bracket Torque Expression

High torque was prescribed for the lower anterior
teeth, and was achieved by bonding low torque
brackets upside down as high torque brackets are
unavailable in the Damon system. In the
beginning of the treatment, a 0.014" CuNiTi
archwire was used. As the archwire was round,
bracket torque had very little effect on the teeth.
Therefore, after transitioning to a 0.014x0.025
CuNiTi wire in the 3rd month (Fig. 15), the brackets
on the lower incisors were rebonded for the
rectangular archwire to engage and activate the
bracket torque, ensuring effective torque
expression to counteract the side-effect of Class

Clll Elastics

U Protract (L) Retract

Il elastics. e T

Standard-torque brackets for upper and high-torque brackets
Conclusions for lower anterior segments compensated the side effects of
Class Il elastics.

Creating additional space within the dental arch is
. . . . Torque for Lower
essential for managing crowding or achieving

camouflage arch retraction, with premolar REBOND Later !
extraction being effective in addressing the

anterior crowding. Differential bracket torque is
crucial for controlling incisor axial inclination when
camouflaging Class lll malocclusions, with specific
brackets and Class Il elastics compensating for
torque loss. Class Il elastics, along with posterior

and anterior bite turbos and open coil springs are WFig. 15:
The brackets on lower incisors were rebonded for the rectangular

effective in correcting an anterior crossbite and archwire to activate the bracket torque in the 34 month.
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facilitating overjet correction while minimizing
patient discomfort.

Acknowledgments

Thanks to Mr. Paul Head for proofreading this article.
Special thanks to Drs. Chris Chang and Jenny Chang for
their mentorship and assistance with data collection.

References

1. McNamara JA Jr, Brudon WL. Orthodontics and dentofacial
orthopedics. Ann Arbor: Needham Press Inc, 2001, pp. 85-95,
487-517.

2. Masaki F. The longitudinal study of morphological differences
in the cranial base and facial structure between Japanese and
American whites. J Jpn Orthod Soc 1980; 39: 436-456.

3. Rabie ABM, Wong RWK, Min GU. Treatment in borderline
Class III malocclusion: Orthodontic camoutlage (extraction)
versus orthognathic surgery. Open Dent J 2008; 2(1): 38-48.

4. Janson G, De Freitas MR, Araki J, Franco EJ, Barros SEC.
Class III subdivision malocclusion corrected with asymmetric
intermaxillary elastics. Am J Orthod Dentofac Orthop 2010;
138(2): 221-30.

5. Troy BA, Shanker S, Fields HW, Vig K, Johnston W.
Comparison of incisor inclination in patients with Class III
malocclusion treated with orthognathic surgery or
orthodontic camoutlage. Am ] Orthod Dentofac Orthop
2009; 135(2): 146.e1-146.¢9.

6. Burns NR, Musich DR, Martin C, Razmus T, Gunel E, Ngan
P. Class III camoutflage treatment: What are the limits? Am J
Orthod Dentofac Orthop 2010; 137(1): 9.e1-9.e13.

7. Cangialosi T, Riolo M, Owens S, Dykhouse V, Moffitt A,
Grubb J et al. The ABO discrepancy index: a measure of case
complexity. Am J Orthod Dentofac Orthoped
2004;125(3):270-8.

8. Casko JS, Vaden JL, Kokich VG, Damone J, James RD.
American board of orthodontics: objecting grading system for

10.

11.

12.

13.

14.

15.

16.

17.

18.

dental casts and panoramic radiographs. Am J Orthod
Dentofacial Orthop 1998;114(5):589-99.

Ricketts, M. A foundation for cephalometric
communication. Am J Orthod 1960;46.5: 330-357.

Su B. IBOI Pink & White esthetic score. Int J Orthod
Implantol 2013;28:80-85.

O’higgins E, Lee R. How much space is created from
expansion or premolar extraction? J Orthod 2000;27(1):11-13.

Cheng J, Chang CH, Roberts WE. Severe Class III openbite
malocclusion: conservative correction with lower first molar
extraction. J Digital Orthod 2021;61:50-66.

Akhoon AB, Mushtaq M, Ishaq A. Borderline Class III patient
and treatment options: A comprehensive review. Int J Med
Heal Res 2018;4(2):14-6.

Lin JJ. Creative orthodontics: Blending the Damon system and
TADs to manage difficult malocclusions. 2nd ed. Taipei: Yong
Chieh; 2010.

Kozlowski. J. Honing Damon system mechanics for the
ultimate in efficiency and excellence. Clin Impressions
2008;16:23-28.

Pitts T. The Secrets of Excellent Finishing. News & Trends in
Orthod 2009;14:6-23.

Tzatzakis V, Gidarakou IK. A new clinical approach for the
treatment of anterior crossbites. World J Orthod
2008;9(4):355-65.

Tseng LY, Chang CH, Robert WE. Diagnosis and conservative
treatment of skeletal Class III malocclusion with anterior cross

bite and asymmetric maxillary crowding. Am J Orthod
Dentofac Orthop 2016;149:555-66.




Severe Class 111 Malocclusion with Anterior Crosshite and Anterior Crowding JDO 77

Discrepancy Index Worksheet

ToTAL D.I. SCORE 39 LINGUAL POSTERIOR X-BITE
1 pt. per tooth Total = -2
OVERJET PLP [ 2 ]
0 mm. (edge-to-edge) =
| = %) TR — 0 pts. BUCCAL POSTERIOR X-BITE
3.1-5mm. = 2 pts. 9 s B it Total -
5.1 -7 mm. = 3 pts. . S B0 o III
7.1 -9 mm. = 4 pts.
> 9 mm. = 5 pts. CEPHALOMETRICS  (See Instructions)
Negative OJ (x-bite) 1 pt. per mm. Per tooth= 7 ANB>6° or <-2° 4 pts.
Total _ Each degree <-2°__ 2 x 1pt. = 2
Each degree > 6° x 1 pt. =
OVERBITE SN-MP
0 -3 mm. = 0 pts. o _
3.1-5mm. = 2 pts. > 38 =2 pts.
5.1-7 mm. = 3 pts. Each degree > 38° x2pts. =
Impinging (100%) = 5 pts.
<26° =1 pt.
Total - Each degree < 26° x 1 pt. =
1 to MP >99° =1pt.
ANTERIOR OPEN BITE
Each degree > 99° x 1 pt. =

0 mm. (Edge-to-edge), 1 pt. per tooth
Then 1 pt. per additional full mm. Per tooth

Total = III

OTHER  (See Instructions)
LATERAL OPEN BITE
Supernumerary teeth x 1 pt.
2 pts. per mm. Per tooth Ankylosis of perm. Teeth X2 pts. =
Total - III Anomalous morphology x2pts. =
Impaction (except 3<dmolars) ___ X2 pts. =
Midline di 3 2 pts. =
CROWDING (only one arch) 1dline discrepancy (& Jmem) @2pts
Missing teeth (except 3dmolars) ____ x 1 pt. =
1-3mm. : 1pt Missing teeth, congenital X2 pts. =
3.1-5mm. = 2 pts. i ’
51-7mm. - 4 pts. Spacing (4 or more, per arch) x2pts. =
> 7 mm. = 7 pts. Spacing (Mx cent. diastema >2mm) @ 2 pts. =
Tooth transposition x2pts. =
Total = Skeletal asymmetry (nonsurgical tx) @ 3 pts. =
Addl. treatment complexities x2pts. =
OCCLUSION Identify:
Class I to end on = 0 pts.
EndonClassITor III = 2 pts. perside_____ pts. _ III
Full Class II or III = 4 pts. perside ___ 8  pts. Total N
Beyond Class [T or Il = I pt. permm._3+4_ pts.

additional

Total =
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Cast-Radiograph Evaluation Occlusal Contacts

5

Total Score: 1 O

Alignment/Rotations

0 Lingual Surface
Occlusal Relationships

1

R WX L L e R

0

F

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 Pinl< & W hite Esthetic Score

Total Score = 7

1. Pink Esthetic Score Total = 2
1.M & D Papillae 01 2
2. Keratinized Gingiva 01 2

3. Curvature of Gingival Margin 01 2

4, Level of Gingival Margin 01 2
5. Root Convexity ( Torque) 01 2
6. Scar Formation 01 2

1.M & D Papillae
2. Keratinized Gingiva

3. Curvature of Gingival Margin

5. Root Convexity ( Torque)

N NN NN

0
0
©
4, Level of Gingival Margin @
©
©

6. Scar Formation

Total = S
1. Midline 01 2
2.Incisor Curve 01 2
3. Axial Inclination (5°, 8°, 10°) 01 2

4, Contact Area (50%, 40%, 30%) o1 2

5.Tooth Proportion 01 2

6. Tooth to Tooth Proportion 01 2

1. Midline @ 1 2

2. Incisor Curve 0 @ 2
3. Axial Inclination (5°, 8°, 10°) 0 @ 2
4. Contact Area (50%,40%,30%) 0 1 (2)
5.Tooth Proportion @ 1 2

6. Tooth to Tooth Proportion 0 @ 2
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Center of Resistance:
Critical Factor in Expression of Tooth Movement

Abstract

The concept for a tooth’s center of resistance (Cres) was introduced about 100 years ago. It is fundamental to the physics of
orthodontic biomechanics. The Cges defines the response of a naturally restrained tooth (PDL and alveolar bone) to applied loads.
It is typically specified near the center of the bone-supported root. This report describes the dynamic change in the position of the
Cres during treatment with fixed appliances (FA) to achieve precise tooth movement with applied force (F) for tipping the tooth and
a couple for rotating the root in the plane of the force. The limitation for removable appliances, including clear aligners (CA), is
they only readily achieve tipping. A specific set of aligners rarely exceed a treatment efficiency greater than 50% of a programmed
clinical simulation like ClinCheck® (Align Technology, Tempe AZ). Removable appliances fail to efficiently control the location of the

Ches. (J Digital Orthod 2025;77:46-54)

Introduction

The center of resistance (Cres) for a tooth root
restrained by periodontium is the reference point for
calculating and understanding tooth movement
during orthodontic treatment.! The Cres resembles,
but not equal, to the center of mass (Cw) for free
bodies in physics. Tooth movement is defined by the
relationship between the vector(s) applied to the
tooth and the position of its Cres. This process is how
forces act on a free body relative to its Cu. However,
Cres is more complex concept in physics because the
"body” (tooth/teeth) is restrained. Unlike the Cu
which is a fixed point unless there is a change in the

properties of the body. The position of the Cres can
change with a decrease in the restrained bone and
PDL support, e.g. periodontitis, as well as the position

and nature of a load applied to a tooth or segment
of teeth, namely a couple at the bracket level.

The Cres controversary in orthodontics has a long
history. In 1917, Fish? defined the Cges as the three
dimensional (3D) point through which a force vector
would result in neither tipping nor rotation of the
tooth. This pioneering definition was essentially
impossible to demonstrate clinically (in-vivo) or in
vitro. In 2013, Viecilli, Budiman and Burstone? assessed
tooth movement in 3D with finite element analysis
(FEA). Each plane (X, Y, & Z) had a couple-generated
axes of rotation that did not intersect at a 3D Cges as
previously postulated. Translation for a given plane is
achieved by projecting the intersection of the two
axes of resistance perpendicular to the direction of
the force?
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For the past century, most orthodontic literature
suggests the Cres for single-rooted teeth is
somewhere between the gingival margin and the
mid-root area of the restrained root. Cres is commonly
thought to be within the coronal third or apical two-
thirds of the root45 For a multirooted tooth, it is at or
near the furcation. The Cres concept applies to all
treated and untreated teeth. Physiologic and
therapeutic loads are subject to the same restraints.
They typically interact to achieve a specific
orthodontic outcome.

Objectives of this Report

Analyze current biomechanics literature to elucidate
the overall spectrum for tooth movement based on
physical principles.*>

Investigate Cges position during orthodontic
treatment. Does it change in a manner that
influences the tooth movement response?

Determine why CAs only achieve about 50% of
programmed tooth movement with a specific set of
aligners.®

Assess the finishing challenges for CAs compared to
fixed appliances.

Center of Mass

The Cw of a free body defines its movement relative
to the line of force and/or an applied moment. Cy is
amenable to precise mathematical analysis as a
behavior due to an applied load. According to
physical laws, a force on a tooth if it was a free body
in three ways:>

1. Through the Cwm: Linear tooth movement
(translation) occurs in the direction of the force,
and all body parts move respectively.

2. Offset to the Cm: Generates combined angular
(rotational) and linear (translation) movement
when the body rotates around its Cu while
moving in the direction of the force.

3. Applied Couple: Two equal, but opposite forces,
whose lines of action do not coincide produce a
moment for pure angular rotation around the Cp.

Contrary to free bodies, teeth are restrained objects.2*
Their roots are anchored by the periodontal ligament
(PDL) to the supporting alveolar bone2# Collectively,
the periodontium is an organ of reactive tissues
responding to repetitive loads with relative high rates
of turnover. The PDL is a dynamic tissue about 250
um thick that turns over very rapidly (in days).
Alveolar bone has a high turnover rate compared to
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basilar bone? Dynamic turnover properties for
periodontium, especially under sustained
orthodontic loading, respond to the failure of
materials due to the therapeutic load(s)
superimposed on the high magnitude, transient
loads of mastication. This dynamic natural restraint,
dictates tooth movement relative to the Cgres
position.??

Numerous in vivo and in vitro studies of single-

rooted teeth in untreated, restrained conditions
found Cres at about the middle of the apical two-
thirds of the root.3510 As gingival recession exposes
more of the root in the oral cavity, the Cges shifts
apically. However, due to variations in biological and
physical effects on the surrounding tissues, the
precise Cres position varies. Studies on multi-rooted
teeth place the Cres near the root furcation.>#

During orthodontic treatment, the variable physical
properties of the PDL and alveolar bone make it
essentially impossible to pinpoint the Cres at any
given moment. Furthermore, unlike free bodies,
restrained teeth cannot respond with rotation and
translation to force vectors applied to the root. A
force applied to the crown results in tipping due to
the moment of the force acting on the root. Tipping
is the default movement for restrained bodies
exposed to a complex environment such as aligners
applying forces on all aspects of tooth surfaces.
Thus, rotation occurs by tipping.!©

Biomechanical implications’"3 of the tooth’s
natural restraint limit the potential loads acting on
it to two types:

1. Tipping: Force vectors not passing through the
Cpes rotate the tooth around the the Cgesand not
around the center of rotation.4>

2. Couples: Generate pure rotation around the

CRes-4’5

These orthodontic loads differ in application due to
the lever arm required for rotation. The further the
Cres is from the crown, where loads are applied, the
easier it is to achieve tipping from a clinical
perspective. Tipping magnitude is directly related to
lever arm length. As mentioned above, orthodontic
tipping, commonly achieved with removable or
fixed appliances, rotates the tooth around its Cres.

When the requirement for apical movement is
significantly greater than coronal movement,
orthodontic torque (moment applied at the

d

B -torque by couple

NFig. 1:

The differences between tipping and torque are in tipping, the
apex and the crown’s edge move about the same (a~b) in
opposite directions, while in torque, the apex moves much more
than the crown’s edge (c>>d), in opposite directions. The red
dots marks the Cres during movement, which is equal to the
tooth’s center of rotation. Note for torque, it corresponds to the
bracket where the moment is applied.
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bracket) is required. The axis of rotation in the plane
of tooth movement shifts from the root to the
bracket (Fig. 1). Achieving this important step in the
mechanics response is easily facilitated only with
fixed appliances. Removable appliances do not
change the position the Cges from root to crown for
such movements. No aligner or other removable
appliance can generate couples in the plane of
tooth movement capable of shifting the Cges to the
crown of the tooth.

Historical Perspectives

C.S. Case in 1895, achieved the crown tip-based
rotation (root torque) by restraining adjacent teeth.
The root movement machines achieved root
retraction by rotation at the tooth crown level. The
necessity for fixed appliances to achieve such
precise movement was deemed obvious (Fig. 2).

M Fig. 2:

The root movement machine built by C.S Case (1895)

Changing the P-arm length rotated the tooth around point D,
delivering torque as should be defined: the apex moves more
than the crown’s edge in different directions. The B-C lever
elongates the B-D arm to decrease the needed force for the
tipping movement. That cumbersome movement was replaced
by the couple in brackets, by EH Angle (1927)

This nuanced understanding of a tooth's Cpes
challenges a clinician’s concept of traditional physics
applied to orthodontics. However, Case’s “Root
Movement Machine” underscores the critical role of
precise biomechanics in achieving optimal
treatment outcomes. This level of precision is not
possible with a flexible plastic CA designed to create
root torque by engaging ridges on bonded
attachments with the aligner material.”>

An alternative fixed appliance (FA) method for root
movement is an archwire-mounted torque spring,
which generates a tipping vector that relies on an
axis of rotation determined by the archwire.’® The
latter is retained by fixed appliances bonded to the
teeth. However, the torque spring load is typically
lower than rectangular archwire torsion because of
the torque spring lever arm. Torque springs are
usually applied to a single tooth that requires root
movement (Fig. 3).

The third FA option is to apply a couple directly in
the rectangular slot of the bracket (Fig. 1). This form
of root torque depends on torsion in a rectangular

M Fig. 3: Torquing spring
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archwire when it is inserted into a rectangular
bracket attached to the tooth. With these
mechanics, the center of rotation (Cret) is identical to
the Cres location. Both correspond to the point of
action of the couple#

Orthodontic couples precisely applied are
complex and demanding mechanics governed by
four strict rules outlined below.""* The center of
rotation, due to the mechanical restraint of the
tooth, resides at the center of the bracket bonded
to the tooth crown:

1. Equal magnitude of opposite forces (vectors)
generating the couple.

2. Exact opposition in the direction of the vectors.

3. Action in separate planes, ensuring the
vectors do not intersect.

4. Essential integration demands that the
components generating the couple on a tooth
(or teeth) remain securely connected
throughout the entire period of movement. For
example, a stable bond is required between the
wire (e.g, a rectangular metallic archwire) and
the tooth via a bracket affixed to its surface. The
same principle applies to groups of teeth.>

The developed and/or frictional forces between the
appliance components add to the natural restraint
of the tooth. Collectively these physical factors are
deemed artificial restraint. Due to its relatively high
magnitude, this artificial restraint shifts the Cges from
the root to the bracket. While the artificial restraint is
active and maintains its magnitude, the Cres remains

at the bracket level. However, when the bond
between the bracket and the wire weakens due to
less activation the artificial restraint diminishes or
disappears. Then the Cpes reverts to its natural
location, influenced by the natural restraining
structures such as alveolar bone and periodontal
ligament (PDL). This is the restrained body concept
in orthodontic biomechanics that is critical for
understanding orthodontic tooth movement.

Any couple or force applied to the bracket that
results in activation exceeding the natural restraint
will relocate the Cres to the bracket corresponding
to the Crot> Even slight deviations from the
specified conditions will nullify couple mechanics
resulting in rotation of the tooth at the bracket level.

Aligner’s Diches

M Fig. 4:

The center of resistance is the green point with the root and the
center of rotation is the yellow point midway between the lines
of the opposite force supposedly generated by the couple. This
2D concept is invalid for clinical use of aligners. Aligners always
apply forces in 3D despite the position of ridges and
attachments. The 3D force system when an aligner is seated
completelynegates simplified 2D concepts.
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Generating Couples with CAs

JJ. Sheridan and R. Nanda'® report a couple is
generated by a CA on the tooth crown via opposite
vectors applied via ridges in aligners or bonded
attachments. It is presently argued that their
concept is more aspiration than science.” It is not
possible to routinely produce a couple on the
surface of a tooth in the desired plane of tooth
movement using a removable appliance like CAs.?

"

Fig. 4 illustrates the claimed generation of a “couple
using internal protrusions (prominent bands) in
aligners. Such a system fails to meet the stringent
criteria for a couple. It lacks a continuous integral
connection to the tooth throughout the path of
tooth movement.

Aligners are removable devices that cannot
produce a couple typical of fixed appliances (Fig.
1), so their scope of action is limited to a single
type of movement: tipping. This type of movement
is achieved via a single force vector (or the
resultant of forces in different directions resolved
with a parallelogram).

Applying a single vector to a naturally restrained
tooth crown causes tipping, meaning the tooth
rotates near its natural Cres located in the root,
according to the vector’s direction. To maintain the
desired tipping direction over time, the vector must
be applied consistently to maintain the rotation axis
relative to the estimated Cres. The variables are the
magnitude and direction of the vector relative to
the exposed portion of a tooth which is usually the
crown. Deviations from this axis, particularly during
relatively long-term movements, may cause

undesirable tooth rotation requiring corrective
adjustments that extend treatment time (new set of
aligners). However, aligners only achieve about 50%
of programmed tooth movement.® An acceptable
finished result is only achieved by overcorrection
with a new set of finishing aligners to deliver what
turns out to be an array of tipping forces.2

The challenge of maintaining precise tipping over
time contributes to the inefficiency of aligners.
Complex treatment typically requires many reboots
with new sets of aligners. This limitation stems from
the inability to generate couples typical of fixed
appliances. Simulations of bodily translations with
overtreatment by multiple sets of aligners may be
deemed “walking” teeth to the desired position. This
is a limitation for all removable devices compared to
the precise mechanics of fixed orthodontic
appliances.

Compensating for Aligner Limitations

In recent years, numerous studies have proposed
methods to improve treatment outcomes with
aligners, primarily through finite element analysis
(FEA).2-2> These studies suggest enhancements to
improve efficiency such as attachment placement,
ridges in aligners or composite bumps on teeth to
secure seating. Treatment planning involves
overcorrection, over-treatment strategies, and other
compensating techniques. These recommendations
assume that such preemptive adjustments will
finally achieve the desired tooth positions.
Compensations can improve outcomes with CAs,
but there is no improvement in biomechanics
efficiency. Aligners deliver indeterminate mechanics.
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So it requires multiple sets of records and new
aligners along the way.!?

Shifts in Cgres During Fixed Appliance
Treatment

Cres shifts occur naturally due to natural and artificial
restraints during fixed appliance treatment. For
example, consider the distal movement of a canine
to close a first premolar extraction space. Using a
power chain or closed spring applied at bracket
height, the canine initially rotates around its natural
Cres in the root. As deformation and friction in the
slot-wire junction increases, the movement
transitions to a couple, shifting the Cges to the slot.
This autogenous interplay continues cyclically until
the space is closed. This example demonstrates the
dynamic Cres relocation required for translational
movement with fixed appliances.

Fundamental Differences in Biomechanics

Orthodontic biomechanics must distinguish
between the capabilities of fixed versus removable
appliances. Fixed appliances, with interaction
between natural and artificial restraints, enable all
types of orthodontic movements (e.g., tipping,
torque, as defined above, via couples, and
translation). In contrast, removable appliances like
CAs can only perform complex patterns of tipping
movements. With programmed overcorrection and
multiple sets of aligners, a reasonable outcome is
possible. However, precise finishing in 3D requires
fixed appliances.

The most definitive advantage of fixed appliances
over CAs lies in their ability to dynamically control the

Cres position. Precise shifting of the Cres between the
root and crown enables ideal orthodontic outcomes.
This precision is absent in aligners. Achieving optimal
outcomes with respect to translation requires
overcorrection with multiple sets of aligners.
Rebooting with new 3D records at whatever position
the teeth achieve with a particular set of aligners is
essential. The entire aligner alignment process is
“walking” the teeth to an optimal outcome with a
complex array of tipping movements.

Conclusions

1. Artificial restraint imposed by fixed appliances
plays a pivotal role in shift of the Cres.

2. Optimizing fixed appliance capabilities to
dictate the position of the Cges is essential for
advancing excellence in treatment outcomes.

3. Achieving precise tooth movement with fixed
appliances requires control of the interface
between the archwire and bracket slot, i.e it
must be a'strong’or ‘unequivocal’ connection.

4. Movement boundaries are significantly greater
with fixed appliances than with removable ones.

5. lack of precision in controlling boundary
conditions decreases the clinical efficiency of
clear aligners.

6. Consequently, aligner-based treatment is unlikely
to match the clinical excellence of fixed appliances
particularly with respect to finishing details.
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7. Fixed appliances exceed all removable
appliances including clear aligners in achieving
precise tooth movement in 3D.
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Fig. 1: Dr. Chris Chang, recipient of the 2025 John Valentine Mershon Memorial Award*

\X’here Legacy Meets Innovation: Reflections on the
Mershon Award and an Al-Assisted AAO Presentation

{8 7% Bil Gl P 1) 28 7 2 -
& Mershon Award F| AT fliBhAAO i &% W BUR

Anyone who has devoted themselves to the field of
orthodontics has likely heard of the John Valentine
Mershon Memorial Award. Established by the
American Association of Orthodontists (AAO) in 1960,
it is the third oldest honor - following the Ketcham
and Hellman Awards - designed to recognize
individuals who have made visionary and inspiring
contributions to the profession. Dr. Mershon was a
direct student of Dr. Edward H. Angle and served as

Head of the Department of Orthodontics at the
University of Pennsylvania from 1916 to 1925, during
which time he developed the innovative removable
lingual arch. His influence continues to shape the
field, and the award that bears his name has become
a symbol of excellence in clinical innovation and
treatment philosophy. In an era where orthodontic
tools and concepts are increasingly refined, receiving
this honor carries even greater significance.

*1E— : sREBEAIN 2025 £ 8 John Valentine Mershon #7&4E o
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LexieY.Lin
Resident, Beethoven Orthodontic Center
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also warmth and imagination. Al became more
than just a tool - it was a dialogue partner and a
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W e AR ZNBIETLR
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B EpANSH source of inspiration. The entire process reminded

BE - me of orthodontic treatment itself: once the
JohnValentine | Y, Ol ol O
Mershon
Memorial Award
1960 Innovation contribution
Clinical practices & Tx. philosophhies

First recipient of
Albert H. Ketcharn Award

Student of Dr. Angle
(1908)

Head of UPenn
(1916-1925)

Developer of

‘removable lingual

arch

Fig. 2: Dr. John Valentine Mershon, a student of Dr. Angle and former Head of UPenn Orthodontics, developed the
removable lingual arch and was the first Ketcham Award recipient. The Mershon Award, founded in 1960, honors
clinical innovation.*2
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Fig. 3: Timeline of distinguished recipients of the John Valentine Mershon Memorial Award.*3

direction is clear, we rely on the right tools and
refine each step, continuously optimizing to strike
the right balance between beauty and gentle
force.
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Witnessing Dr. Chris Chang receive the Mershon
Award in Philadelphia this year was one of the
most thrilling moments of my trip. Not only is he a
role model and mentor within my family, but he is
also the first Asian recipient in the award’s history.
Within a minute, the lecture room was packed with

*3[B = : John Valentine Mershon 40 R 12 JEZEZIERT &M
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Fig. 4: Among 65 recipients of the Mershon Award, only four have been from outside the United States. Dr. Chris Chang is

the first Asian honoree.™

over a hundred attendees. Dr. Chang opened with
his signature humor, pausing perfectly for three
seconds after a well-timed remark that instantly
captivated the audience. He then delivered
decades of insight into orthodontics with clarity
and conviction, sharing not only his clinical
wisdom but also the deep sense of responsibility
he carries for the profession. As gasps and
murmurs of admiration echoed through the room,
we witnessed how some of the most complex and
demanding cases were solved through his
unconventional thinking and masterful technique.

The pacing and timing of the entire lecture were
flawless - concluding with a seemingly self-
deprecating joke that, in truth, landed like a strategic
mic drop, deterring any would-be challengers.

 SEABEWIRGRE Dr. Chris Chang 18
Mershon Award » @FUIEITERS ABEIRIAEZ]
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At that moment, | truly understood the saying:

“Teaching by words is not as powerful as teaching
by action; and teaching by action is still not as
powerful as shaping through presence.” True
influence is not delivered - it is absorbed, through a
continuous and transformative experience. Perhaps

ten years from now, neither | nor his daughters will
remember every detail of the lecture. But the spirit
of legacy will continue to flow through our veins -
like a long-distance relay, quietly urging us to keep
refining ourselves - until the day comes when we
too are ready to pass on the baton.
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Fig. 5: Dr. Chang and family with the current president of AAO, Dr. John Callahan, and his wife, Elet Callahan.
Bl A : REA— KM AAO B R Dr. John Callahan RE X A Elet Callahan ©



Fig. 6: Dr. Chang and a fully seated hall during his lecture that followed the award receiving ceremony.
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Fig. 7: Dr. Chang and Beethoven'’s doctors with Dr. Rolf Behrents, the former chief editor of AJO-DO, at the AAO meeting
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My Journey in Pursuing a Master’s Degree in
Orthodontics in Germany

In my early dental training, my specialization focused
on prosthodontics. As | gained more clinical
experience, | began to realize a key issue: the
alignment of teeth significantly affects the quality
and success of prosthetic treatment. When teeth are
not in ideal positions, even with the utmost effort
put into making prostheses, both function and
esthetics may fall short of expectations.

This clinical dilemma led me to reflect: if orthodontic
treatment could be introduced before prosthetic
rehabilitation, moving teeth into more favorable
positions, it would enhance the precision of
prosthesis design and bring outcomes closer to our
shared goal of natural harmony. After all, no matter
how refined, a prosthesis can never fully replicate the
beauty and function of natural teeth. | discovered
that by extracting compromised teeth and
rearranging the dentition, it is sometimes possible to
reduce the need for prosthetic reconstruction,
allowing patients to achieve both function and
esthetics with their natural dentition. This insight
deeply resonated with me and sparked my
dedication to studying orthodontics.

During my orthodontic learning journey, | was
fortunate to attend the courses of Dr. Chris Chang.
His teachings became a pivotal milestone in my
transition into the field. Dr. Chang not only taught
systematic and practical orthodontic knowledge and
procedures, but more importantly, encouraged us to
think deeply about every step - why it was done and
what logic it followed.

Dr. Lin with Dr. Chris Chang and other course attendees at the
2018 Beethoven Damon Master Program in Taiwan.

His philosophy emphasized simplicity and
effectiveness. He believed that through genuine
understanding and diligent practice - by collecting
data, analyzing thoroughly, and improving step by
step - every doctor could achieve consistent growth.
One of his core messages was: "Continuous
improvement, wholehearted dedication; mastering
one method thoroughly is more powerful than
learning many superficially." These values deeply
influenced me and helped me, an ordinary general
practitioner, to gradually build confidence and
competence in orthodontics.

In 2022, Dr. Chang introduced us to the International
Orthodontic Master Program, offered in
collaboration with the University of Duisburg-Essen
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in Germany. This program held great significance for
us - not only as an advanced orthodontic training
opportunity but also as a formally recognized and
well-structured academic degree. It allowed us, while
maintaining our clinical duties, to systematically
develop over two years and ultimately earn a solid
orthodontic qualification, enhancing both our
academic credentials and clinical capabilities.

The curriculum of this master's program emphasizes
not only theoretical and academic foundations but
also practical clinical applications. It begins with
essential research skills, including scientific reasoning,
literature analysis, clinical study design, and evidence-
based practice, while reinforcing ethics and quality
standards. These skills prepared us for the master's
thesis with both scientific depth and clinical value.

Clinically, the program progressed from foundational
topics such as tooth biomechanics, facial growth, and
muscle-related jaw development to three main
orthodontic approaches: functional appliances, fixed
braces, and clear aligners. It also incorporated
advanced interdisciplinary treatments, including
orthognathic surgery and cleft care, which provided
us with comprehensive clinical frameworks.
Additional topics such as space management,
ectopic teeth, periodontal diagnostics, and treatment
planning for younger patients further prepared us to
deliver individualized and patient-centered care.

Moreover, courses on local anesthetics and their
complications, risk management in tooth extractions,

Yi-Hsuan Lin,
Training Resident, Beethoven Orthodontic Center

and pain control strategies underscored the
program's commitment to patient safety and
clinical detail, helping us develop a broader clinical
mindset.

Fach student was assigned a personal academic
advisor to guide us through the process of writing a
master's thesis. Through the cycles of data
collection, analysis, and discussion, we gradually
built meaningful and clinically relevant research.
Prior to this academic journey, we had already
completed the foundational and advanced-level
Beethoven Damon Master Program designed by Dr.
Chris Chang. Following his Clinical Education
course, we also published two clinical papers under
his guidance. These experiences laid a solid
foundation for our academic writing and ensured a
smooth transition into thesis development.

The program also included online case report
discussions, where each participant presented and
analyzed their own clinical cases. This interactive
format allowed us to gain insight not only from our
own experiences but also from our peers,
encouraging critical thinking and fostering
practical, case-based learning.

Among all components of the master's program,
the two in-person training sessions in Germany
were the most exciting and remarkable. Held at the
University of Munster, they provided a rich, hands-
on learning experience that reflected the standards
of international dental education. A wide range of
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topics were covered - from complex cases such as
craniofacial anomalies and cleft-related
orthodontics to everyday treatments using
functional appliances and wire-bending in fixed
appliances, further extending to mini-screw
applications. A dedicated certification course in
lingual orthodontics also broadened our
understanding of esthetic-driven treatment. These
sessions were led by a team of experienced
German clinicians and academic experts who not
only shared practical techniques, but also
emphasized diagnostic reasoning and strategic
treatment planning, helping us grow rapidly in a
short period of time.

To ensure comprehensive knowledge acquisition
and clinical readiness, the program included two
formal assessments: the Basic Course Examination
and the Specialization Course Examination. These
exams served as essential components of the
academic certification process.

Additionally, we had the opportunity to participate
in a three-day clinical observership at the
orthodontic department of University Witten
Hospital. There, we gained firsthand insight into
the real-time clinical workflow within Germany’s
formal healthcare system and exchanged ideas
with local residents and staff, deepening our
understanding of their treatment protocols and
academic environment.

Uniquely, both of our trips to Germany coincided
with festive seasons. The first visit fell just before
Christmas, allowing us to stroll through lively
holiday markets and warm ourselves with a cup of
mulled wine in the winter chill - an experience | still

Dr. Lin with Professor Arlene Hohoff and fellow participants
during the master’s program at the University of Miinster.

RSITATS- |
%‘mxumn

M Fig. 3:
Dr. Lin with instructors, residents, and fellow doctors at
University Witten Hospital during a clinical observership.

cherish. On our second visit, we attended Germany’s
Carnival, where colorful parades and dazzling
costumes filled the streets with energy and joy. These
cultural encounters enriched our learning journey,
making it truly memorable.
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The moment | completed my thesis, passed my
defense, and stood on the stage at graduation to
receive my diploma was indescribable. It was a
deeply emotional “I did it" feeling. Despite the
demands of work and family,| managed to persevere
by making the most of my spare time - and that
achievement became one of the proudest
milestones in my dental career.

This journey helped me transition from a
prosthodontics-focused clinician to an orthodontic
professional with broader integrative skills. | am
especially grateful to Dr. Chris Chang for his
continued mentorship and encouragement, which
gave us the courage and opportunity to step
beyond our comfort zones, engage with
international education, achieve professional
certification, and expand our orthodontic horizons.

Dr. Lin completed the 2-year Master’s Program in Specialized
Orthodontics in the International Medical College at the
University of Duisburg-Essen, Germany in 2024.

Dr. Lin with the examination committee and program
colleagues at the University of Duisburg-Essen after completing
the thesis defense presentations.

Looking ahead, | aspire to continue integrating my
expertise in both prosthodontics and orthodontics
to provide dental care that is not only esthetically
pleasing but also functionally sound and minimally
invasive. Orthodontics has given me the tools to
transform smiles and the insight to appreciate the
harmony between structure and beauty. | hope to
apply this knowledge through interdisciplinary
collaboration to create comprehensive, patient-
centered treatment plans. This journey has not only
made me a more confident and capable clinician,
but also rekindled my passion for lifelong learning
within a global professional community.




A letter from Dr. Gene Roberts

Dear Clang Family,

| returned home late last night. The flight
to San Francisco out of Taipei was late
leaving, but there was no problem
because | had a several hour layover at
SFO. All the luggage made it including
the heavy blue trunk full of gifts that all of
you so generously bestowed. The lock
was destroyed so my big blue trunk has
made ifs last trip. Cheri and | are having
great fun going through all the gifts you
sent. Now we must dig info all the

photos and videos!

e

There is no adequate way to thank you
for the marvelous generosity. The trips,
fomily togethemess, rose sfones, Jimmy &
Lily, and the excellent single malt whiskey
were really special. The four Beethoven
Girls are quite a group! We had so
much fun af the spas, shopping and
dining. They brought me special gifts
(Truffle paté, wrinkle rub-out for Cheri,
and coins for the beautiful Frog set)

and nice hugs while | was
packing after our long

walk Friday evening

when | was preparing to leave. Please

give them my warm personal regards!

It was fun to spend time with Brian, Alex
and Joshua. You can be quite proud of
those three! | am working on Brian's
manuscript, and hope to have it done in
a few days. | am enjoying the Facebook
posts about my trip. They are such fun.
The gourmet luncheon with Tom Wong
and Vicky's parents was really a big
surprise and a true highlight! | could go

on and on about all the wonderful events.

Meeting Nasib and Susu was also great

fun. I am looking forward to seeing them
again at the 2026 AMW meeting in
Arizona. | could go on and on about the

wonderful visit. Thank you again for your

Warm Personal Regards,
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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

“I 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. Chang and family with the current president of AAO, Dr. John Callahan,
and his wife, Elet Callahan, at the 2025 AAO annual meeting.



