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Words from the Publisher -
Remembering Dr. Charlie Burstone

On October 22nd I will be heading off to Indiana for a Burstone Memorial 
Symposium, which this year will commemorate Dr. Charlie Burstone’s sad 
passing and in which I’m sure there will be many tributes for the man whom 
I like to call the Father of Orthodontic Biomechanics.

Being an Indiana University alumni, I have always been inspired by him, 
as he had been Chairman and Professor in our orthodontic department, as 
well as being a great pioneer and champion of the specialty. He made pivotal 
contributions to orthodontics through his research and his greatest impact 
was in biomechanics, not surprisingly as his passions were physics and 
engineering, and every orthodontist appreciates how his genius has helped 
us to better understand defining predictable force systems.

I started to think about what made Dr. Burstone such a real professional. 
After learning the fundamentals you have to use what is between your ears 
coupled with passion and drive. Having met him on numerous occasions 
I can assure you that he was full of passion, dedication and that his brain 
never stopped working. He always wanted to push the boundaries of our 
profession and never stopped thinking.

My mentor, Dr. Eugene Roberts, took over the baton from his mentor, 
Dr. Burstone, at Indiana University and was the visionary who set up the 
first Orthodontic PhD program in America. I was so lucky and will be forever 
honored to have been chosen as his first PhD student. In recognition of these 
two great mentors passing on the baton to me, I have produced several Dr. 
Burstone busts, which I will present to every speaker of the symposium as 
well as to all of my fellow Indiana University PhDs, to ensure that his legacy 
will continue and to remind today’s teachers to pass on the baton to their 
students and encourage them to emulate his pioneering achievements. 

The orthodontic world is indeed indebted to him – we have been lucky to 
learn and practise orthodontics in the age of Dr. Charlie Burstone and I hope 
we can march together along our path to glory, which has already been well 
trodden by our Father of Orthodontic Biomechanics.

Chris Chang DDS, PhD, Publisher of IJOI.
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History and Etiology

A 14 year-old male presented for orthodontics 
consultation with Class III malocclusion, anterior 
crossbite and deep overbite. He had a decreased 
ver t ica l  d imens ion of  occ lus ion (V D O ) ,  l ip 
redundancy, mildly concave profile, and a slightly 
protrusive lower lip (Figs. 1, 2 and 3). The chief 
complaint was poor dental esthetics and function 
due to the anterior crossbite. Medical and dental 
histories were non-contributory. A functional 
examination revealed that the mandible could 
be manipulated from centric occlusion (CO) to 
a centric relation (CR) position with an edge-to-
edge occlusion of incisors, but there was a large 
posterior open bite, due to the deep curve of Spee 
in the lower arch. The patient was treated to a 
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Treatment of a Class III Malocclusion with Anterior 
Crossbite and Deepbite, Utilizing Infrazygomatic 

Crest (IZC) Bone Screws as Anchorage

Abstract 
Malocclusions with anterior crossbite are a major esthetic and functional concern for patients and their parents. A 14-year-old boy 
was diagnosed as a Class III malocclusion, combined with anterior crossbite, deepbite, concave profile, and inadequate maxillary 
incisor exposure. There was functional shift on closure, and the mandible could be manipulated to an edge-to-edge incisal occlusion, 
when the condyles were positioned in centric relation. The Discrepancy Index (DI) was 24. A passive self-ligation appliance, with 
infrazygomatic crest (IZC) bone screw anchorage, and Class III intermaxillary elastics were used to correct this severe malocclusion in 
only 10 months to a Cast-Radiograph Evaluation (CRE) score of 18. The IZC bone screws were installed buccal to the alveolar process 
between the upper 1st and 2nd molars. They provided reliable anchorage for intermaxillary elastics to retract the lower incisors and 
increase the vertical dimension of occlusion. The malocclusion was corrected with a relatively short treatment time, but the maxillary 
incisors were excessively flared. Long term follow up is required to monitor the potential for late mandibular growth to produce a 
skeletal Class III relationship. (Int J Orthod Implantol;40:2-14)

Key words:
Class III deep bite malocclusion, functional shift, passive self-ligation appliance, IZC bone screws, extra-alveolar bone screw 
anchorage

pleasing result in 10 months with a passive self-
ligation appliance, combined with infrazygomatic 
(IZC) bone screws and Class III elastics (Figs. 4, 5 

and 6). Cephalometric and panoramic radiographs 
document the dentofacial patterns before (Fig. 7) and 
after (Fig. 8) treatment. Superimposed cephalometric 
tracings show dentofacial changes associated with 
treatment (Fig. 9).

Diagnosis

Skeletal:

• Class III malocclusion (SNA 83.8°, SNB 89.6°, ANB 

-5.8° in CO)

• Low mandibular plane angle (SN-MP 25.8°, FMA 

19.5 °)
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 █ Fig. 1:
Pre-treatment facial photographs show a mild concave 
profile with acute nasolabial angle and lower lip protrusion. 

 █ Fig. 4: Post-treatment facial photographs: 
The upper incisal exposure has increased although the 
nasolabial angle appears more acute due to proclination of 
the upper incisors. 

 █ Fig. 5
Post-treatment intraoral photographs show that the upper 
and lower midlines are coincident. Positive overjet as well 
as bilateral canine and molar Class I relationships have been 
achieved. 

 █ Fig. 2:
Pre-treatment intraoral photographs show mild Class III 
canine and molar relationships on the left, and Class I canine 
and molar relationships on the right. Anterior crossbite with 
a deep overbite and deep Curve of Spee resulted from a 
lack of vertical stops for the lower anteriors. 

 █ Fig. 3: Pre-treatment study models (casts)  █ Fig. 6: Post-treatment study models (casts) 
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 █ Fig. 9:
Cephalometric superimposition on the anterior cranial base (blue pre-treatment and red post-treatment) revealed that the 
anterior crossbite was corrected with marked proclination of upper incisors and retraction of lower incisors. Extrusion of the 
lower incisors and molars is due to the bite turbo and Class III elastics. The slight increase in length of the mandible indicates 
there was some growth during the 10 month treatment phase. 

 █ Fig. 7:
Pre-treatment panoramic and cephalometric radiographs

 █ Fig. 8:
Post-treatment cephalometric and panoramic radiographs



Utilizing Infrazygomatic Crest (IZC) Bone Screws as Anchorage 
IJOI 40   LIVE FROM THE MASTER

5

Treatment of  a Class III Malocclusion with Anterior Crossbite and Deepbite,     IJOI 40
Utilizing Infrazygomatic Crest (IZC) Bone Screws as Anchorage 

• Vertical: Allow for normal expression of growth

• Transverse: Maintain

Mandible (all three planes):

• A – P: Decrease

• Vertical: Increase

• Transverse: Maintain

Maxillary Dentition:

• A – P: Increase the axial inclination of the upper incisors

• Vertical: Maintain

• Transverse: Maintain

Mandibular Dentition:

• A – P: Retract the lower incisors

• Vertical: Maintain

• Transverse: Maintain

Facial Esthetics: Retract the lower lip, and increase 
the maxillary incisor exposure

Treatment Plan

Non-extract ion t reatment  with  a  fu l l  f i xed 
orthodontic appliance was planned to align and 
level the dentitions to correct the anterior crossbite. 
IZC bone screws (2x8 mm, SS) were planned as 
anchorage for Class III elastics to retract the lower 
incisors.

Appliances and Treatment Progress

A full fixed .022” slot Damon Q PSL appliances 
(Ormco, Glendora, CA) was installed (Fig. 10). Low 
torque brackets were used on the upper incisors (+2° 

Dental:

• Molar relationship in CO: Class I on the right and 

Class III on the left

• Canine relationship in CO: Class I on the right and 

Class III on the left

• The negative OJ was -3.5 mm

• The deep overbite was 78% (7 mm) with a deep 
curve of Spee

• Space deficiency in the upper arch was 5.5 mm

• Redundant space in the lower arch was 3 mm

• Lower left 3rd molar is still developing 

• Upper dental midline was coincident with the 
facial midline; lower dental midline was shifted 
to the right about 1.5 mm

• Arch forms: symmetrical square form in the maxilla 

and ovoid in the mandible

Facial:

• Slightly concave profile

• Acute nasolabial angle

• Short upper lip and slightly protrusive lower lip

• Decreased vertical dimension of occlusion 
(VDO)

• Chin point deviated to the right 

The ABO Discrepancy Index (DI) is 24, as shown in 
the subsequent worksheet.

Treatment Objectives

Maxilla (all three planes):

• A – P: Allow for normal expression of growth 
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on the central incisor, and -5° on the lateral incisor) to 
counteract the excessive tipping expected when the 
incisors are aligned to correct the anterior crossbite. 
Upside down, low torque brackets were used on the 
lower incisors to deliver +11° of torque. High torque 
brackets were bonded on the lower canines (+13°) 
to provide labial crown torque as the lower dentition 
was retracted to correct the anterior crossbite with 
Class III elastics (Fig. 10). The initial archwires were 
.014” CuNiTi for both arches. A GIBT (Glass Ionomer 

Bite Turbo) was constructed on the lingual surfaces 
of the lower incisors. The immediate increase in the 
VDO improved the concave profile considerably (Fig. 

11). The IZC bone screws (2x8 mm, SS), installed on 
the same day the brackets were bonded, provided 
anchorage to retract the upper buccal segments 
with elastic chains, and the entire lower arch with 
Class III elastics (Fig. 12). An intra-arch elastic chain 
between the first molars was used to help level the 
curve of Spee in the lower arch (Fig. 13).

The anterior crossbite was corrected in 2 months by 
retracting the lower anteriors and flaring the upper 
anteriors. In the third month of treatment, .014x.025” 
CuNiTi archwires were placed (Fig. 14). Repositioning 
of brackets and detailing bends were carried out in 

 █ Fig. 11: 
GIBT (Glass Ionomer Bite Turbos) were bonded on the lingual surface of lower incisors to raise the bite, and the facial profile 
improved immediately. 

 █ Fig. 10: 
Bracket prescription: Low torque brackets were bonded on the upper incisors to counteract the labial crown torque while 
aligning upper anteriors. Upside down low torque brackets were used on the lower incisors and high torque brackets bonded 
on the lower canines to provide more labial crown torque while retracting lower anteriors to correct the anterior crossbite. 

14y3m
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 █ Fig. 12: 
2 IZC bone screws (2x8mm, SS) were installed in the extra-alveolar (E-A) area located between the upper 1st molars and 2nd 
molars. They provided reliable anchorage for simultaneous retraction of upper and lower arches to help control flaring on 
upper dentition due to Class III elastics application. 

the 8th month of treatment (Fig. 15). After 10 months 
of active treatment, the dentition was aligned and all 
the fixed appliances were removed.

Result Achieved

The patient was treated to the planned result as 

documented by the cephalometric radiograph 
superimpositions. The latter demonstrated that the 
correction of the anterior crossbite was achieved by 
labial tipping of the upper incisors and extrusion of 
the lower molars to increase the VDO (Figs. 4-6 and 

9). A summary of the cephalometric measurements 
is provided in Table 1. Pre-treatment and post-
treatment panoramic radiographs document the 
appropriate root parallelism after treatment (Figs. 

7 and 8). Cephalometric superimpositions reveal 
a small increase in the length of the mandible, 
increased axial inclination of the maxillary incisors, 
and an increased VDO (Fig. 9).

The ABO Cast-Radiograph Evaluation (CRE) is 18 as 
shown in the subsequent worksheet.

Maxilla (all three planes):

•  A – P: Maintained

• Vertical: Maintained

• Transverse: Maintained

Mandible (all three planes):

• A – P: Maintained

14y3m

CEPHALOMETRIC

SKELETAL ANALYSIS

PRE-Tx POST-Tx DIFF.

SNA° 83.8° 83.5° -0.4° 
SNB° 89.6° 89.5° -0.1° 
ANB° -5.8° -6.0° -0.3° 
SN-MP° 25.8° 26.0° 0.2° 
FMA° 19.5° 20.2° 0.7°

DENTAL ANALYSIS

U1 TO NA mm 7.4 mm 12.6 mm 5.2 mm 
U1 TO SN° 114.0° 131.7° 17.7° 

L1 TO NB mm 3.5 mm -0.3 mm -3.1 mm 
L1 TO MP° 79.8° 69.7° -10.1°

FACIAL ANALYSIS

E-LINE UL -6.7 mm -4.6 mm 2.1 mm 
E-LINE LL -0.9 mm -2.1mm -1.2 mm

██ Table 1: Cephalometric summary
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 █ Fig. 13:
Intra-arch elastics connected from lower right 1st molar to lower right canine, from lower right canine to lower left canine passed 
over the top of lower incisors and from lower left canine to lower left 1st molar. These mechanics helped level the curve of Spee 
and closing all lower spaces.

 █ Fig. 14: Anterior crossbite was corrected in the 2nd month of treatment. 

 █ Fig. 15: Repositioning and detailing were performed. 

14y4m

14y5m

14y11m
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• Vertical: Increased

• Transverse: Maintained

Maxillary Dentition:

• A – P: Increased

• Vertical: Decreased incisal exposure as they were tipped 

labially

• Transverse: Maintained

 Mandibular Dentition:

• A – P: Retracted

• Vertical: Increased with molar extrusion to flatten the 

Curve of Spee

• Transverse: Maintained

Facial Esthetics:

• Increased the lower facial height and VDO

• Increased maxillary incisal exposure

• Increased length of the upper lip

Retention

Upper and lower clear retainers were delivered. The 
patient was instructed to wear the retainers full time 
for the first 6 months and nights only thereafter. In 
addition, the patient was instructed in proper home 
hygiene and maintenance of the retainers.

Final Evaluation of Treatment

Both arches were well aligned and articulated in 
Class I canine and molar relationships with the 

dental midlines coincident. The overjet has reduced 
from -3.5 to 2 mm and the overbite has improved 
from 7mm (80%) to 4 mm (40%) at the end of the 
treatment. The Cast-Radiograph Evaluation (CRE) 
score was 18 points, which reflects an excellent 
alignment. Most of the residual problems were in 
alignment/rotations, marginal ridge discrepancies, 
and the axial inclinations of the molars. For details, 
see the CRE worksheet at the end of this case report.

Discussion

Correct ion  o f  anter io r  c rossb i te  i s  usua l ly 
requested by patients and their parents during 
the developmental years because of esthetic 
and functional concerns.1 Anterior crossbite 
may be a pseudo Class III malocclusion if there 
is a functional shift of the mandible to achieve 
maximal intercuspation.2,3,4 The functional shift 
(Fig. 16) indicated that the anterior crossbite could 
be managed orthodontically, without resorting to 
extractions and/or orthognathic surgery. Although 
the patient’s mandible could be manipulated 
backward to an edge-to-edge position, his occlusion 
was still diagnosed as a dental Class lII on the left 
side, and a dental Class I on the right. In addition, 
there was a low mandibular plane angle and Class 
III compensation: ANB -5.8o, SN-MP 25.8o, U1-SN 
114o, and L1-MP 79.8o. Mandibular manipulation 
is important for anterior crossbite patients to 
determine if there is a functional shift, and whether 
the malocclusion can be treated with conservative 
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orthodontics, as opposed to extractions and/or 
orthognathic surgery. Furthermore, the differences 
in the facial profile, when the mandible is positioned 
in CO and CR, is helpful for understanding the 
probable outcome of treatment, by patients and 
their parents (Figs. 16 and 17 ).5,6 However, there 
may be a large discrepancy between the estimated 
outcome and the actual result, particularly if the 
patient is still growing. The pre-treatment CR profile 
for deepbite patient is usually better than the final 
result because occluding on an incisal prematurity 
increases the VDO, and produces a more obtuse 
nasolabial angle. However, as the patient is treated, 
the occlusal prematurity on the incisors is corrected 
and the deepbite pattern returns, increased labial 

inclination of the maxillary incisors is required to 
correct the negative overjet. 

For the present patient, differential pretorqued 
brackets were selected for better control of axial 
inclinations for the upper and lower anterior 
segments.7 Low torque brackets were used on the 
upper incisors (Central: +2o, lateral: -5o) to counteract 
the labial crown torque, due to the labial force 
associated with protracting the upper incisors, to 
correct the anterior crossbite. However, there was 
still too much labial flaring of the upper incisors at 
the end of the treatment (U1-SN 114o→131.7o). In 
retrospect, standard torque brackets (central: +15o 

lateral: +6o), placed upside down on the maxillary 

 █ Fig. 16: 
Different profile changes are shown in centric occlusion (CO), in centric relation (CR) with an edge-to-edge bite, and after 
treatment. 

C.O. C.R. Finish
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incisors, would have delivered more negative torque 
(central: -15o, lateral: -6o) to help control the labial 
tipping. Furthermore, labial movement of the upper 
incisors could have been delayed until enough 
space was created by retraction the upper canines 
with elastic chains anchored by the IZC bone screws. 
In the lower arch, upside down low torque brackets 
were used on the lower incisors (+11o) and high 
torque brackets were bonded on the lower canines 
(+13o) to provide more labial crown torque to offset 
the retraction force applied by Class III elastics. 

In addition to differential bracket torque, elastic 
chains from the canines to the IZC bone screws 

provided a distal force to counter labial flaring of 
the maxillary incisors, as the crowding was relieved 
and the incisors were advanced. Because of their 
extra-alveolar (E-A) location (Fig. 12), IZC bone screws 
are effective anchorage for retracting both arches, 
as well as for resisting incisal flaring due to Class III 
elastics.8 The upper molars were stabilized for Class 
III elastic anchorage by the retraction force from the 
IZC bone screws to the maxillary canines bilaterally 
(Fig. 10). 

The treatment for this severe malocclusion was 
completed in 10 months. It is possible that the final 
result could have been improved with additional 
detailing, but a CRE score of 18 at the finish is 
excellent for a malocclusion with a DI of 24. The 
treatment reported was conducted relatively early 
in adolescence (age 14yr) so long term follow up 
is indicated until the age of ~21yr to rule out late 
mandibular growth. Late adolescent and early adult 
males may grow out of a Class III correction because 
of continuing mandibular growth, and develop into 
a skeletal Class III malocclusion.9

Conclusion

Some functional malocclusions may appear to 
be very difficult in habitual or CO occlusion, but 
are less imposing in the CR (retruded) position of 
the mandible. It is important to assess or rule out 
functional discrepancies in the initial evaluation. E-A 
IZC bone screws provide reliable anchorage for intra-
arch alignment and orthopedic correction of both 

 █ Fig. 17: 
Cephalometric superimpositions at initial C.O. (Blue), initial 
C.R. (edge-to-edge bite, Green), and end of treatment 
(Red). The dramatic increase in the VDO achieved with the 
bite turbos was not sustained after the arches were aligned. 
Compare to Figure 9. 
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the maxilla and mandible. Skeletal malocclusions can 
be corrected in growing adolescent patients, but 
long term follow up is necessary until the growth of 
the mandible is complete.9
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DISCREPANCY INDEX WORKSHEET

(Rev. 9/22/08)
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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 ÒXÓ. Second molars should be in occlusion. 
 

ABO Cast-Radiograph Evaluation 
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History and Etiology 

A 30-year-old female with a partially edentulous malocclusion was referred by her general dentist for 
orthodontics consultation. The chief complaint was a lack of space for an upper left posterior prosthesis 
(Figs. 1-3). There was no contributory medical history, but the dental evidence was consistent with the early 
loss of permanent first molars due to molar-incisor hypomineralization (MIH).1 Following 29 months of 
treatment, the patient was treated to an optimal result as documented in Figs. 4-6. The pre-treatment and 
post-treatment cephalometric and panoramic radiographs are shown in Figs. 7 & 8, respectively. Careful 
examination of the pretreatment radiographs revealed a morphologic asymmetry of the condyle heads and 
mandibular plane (Fig. 7), which apparently contributed to a cant in the occlusal plane and asymmetric facial 
form in the frontal view (Fig. 1). Superimposed cephalometric tracings document the dentofacial changes 
during treatment (Fig. 9). 

Asymmetric Crowded Class II with Missing First 
Molars: Space Closure or Implants?

Abstract 
A 30-year-old female presented with a Class II malocclusion complicated with severe maxillary anterior crowding, moderate deep-
bite and the asymmetric loss of two permanent first molars: lower right ( #30) and upper left ( #14). The adjacent second molars were 
rotated and tipped mesially. A third molar was present on the lower right side ( #32), but the third molar was missing from the upper 
left quadrant ( #16). The Discrepancy Index (DI) for this asymmetric malocclusion was 16 points. Orthodontics treatment with a full 
fixed, passive self-ligating (PSL) appliance resulted in closure of the lower right space (area #30), but the missing third molar ( #16) 
required opening space for an implant to replace the missing #14. After aligning the dentition, closing all mandibular space, and 
opening the implant site, cone-beam computer tomography (CBCT) imaging was utilized to evaluate bone distribution. A titanium 
fixture was installed in the palatal aspect of the #14 area, with a flapless surgical procedure. Thirteen months after fixture placement, 
orthodontic treatment was completed and an implant-supported prosthesis was delivered. The overall duration for the entire 
interdisciplinary treatment was 29 months. Multiple outcome assessment scores documented an excellent result: cast-radiograph 
evaluation (CRE) 22, dental esthetics 3, implant position 0, and abutment transition 1. (Int J Orthod Implantol;40:18-41)

Key words:
Class II canine relationship, missing first molars, molar-incisor hypomineralization, space management, crowding, deep bite, 
implant-supported prosthesis, flapless implant surgery 
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 █ Fig. 2: Pre-treatment intraoral photographs

 █ Fig. 1: Pre-treatment facial photographs

 █ Fig. 3: Pre-treatment study models (casts) 

 █ Fig. 4: Post-treatment facial photographs 

 █ Fig. 5: Post-treatment intraoral photographs

 █ Fig. 6: Post-treatment study models (casts) 
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ACB 

MX 

MD 

 █ Fig. 9:
Cephalometric tracings before (black) and after (red) treatment were superimposed on the anterior cranial base (ACB), maxilla 
(MX) and mandible (MD). 

 █ Fig. 7:
Pre-treatment lateral cephalometric and panoramic 
radiographs reveal high mandibular plane, asymmetric 
superiorly positioned right condylar head, and missing teeth 
(   #14 & 30). Note the root length of #29 was shorter than other 
teeth. 

 █ Fig. 8:
Post-treatment lateral cephalometric and panoramic 
radiographs reveal acceptable root angulations and the 
position of implant-supported prosthesis. The root length of 
#29 is shorter than it was pre-treatment.
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Diagnosis 

Skeletal: 

• Class I (SNA 80°, SNB 77°, ANB 3°) 

• High, asymmetric mandibular plane angle 
(SN-MP 38°), with an enlarged and superiorly 
positioned right condyle 

Dental: 

• Angle Classification: Class II canine with asymmetric 

molar interdigitation due to the loss of #14 and 30 

• Incisal relationships: overjet 2mm, overbite ~5mm 

(Fig. 10) 

• Tooth Size to Arch Length Discrepancy: crowding 

>7mm in the upper anterior, moderate crowding in the 

lower arch 

• Missing teeth were the upper left first molar (#14) 
and lower right first molar (#30)

Radiographic \ Panoramic: 

• Short root on the lower right second premolar 
(Fig. 7) 

• Asymmetric shape and size of condylar head: 
right side is larger and more superiorly positioned 

Facial: 

• Acceptable profile, modest cheek asymmetry in 
the frontal plane 

The Discrepancy Index (DI) was 16 as shown in the 
subsequent worksheet.2 

CEPHALOMETRIC

SKELETAL ANALYSIS

PRE-Tx POST-Tx DIFF.

SNA° 80° 80° 0° 
SNB° 77° 76° 0° 
ANB° 3° 4° 1° 
SN-MP° 38° 40° 2° 
FMA° 31° 33° 2°

DENTAL ANALYSIS

U1 TO NA mm 4 mm 3 mm 1 mm 
U1 TO SN° 102° 104° 2° 

L1 TO NB mm 4 mm 6 mm 2 mm 
L1 TO MP° 87° 94° 7° 

FACIAL ANALYSIS

E-LINE UL -2 mm -2 mm 0 mm 
E-LINE LL -1 mm 0 mm 1 mm 

██ Table 1: Cephalometric summary
 █ Fig. 10:
Pre-treatment photographs document upper and lower 
anterior crowding, which increases the possibility for 
interproximal back triangles after leveling and alignment.
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 █ Fig. 11
Low torque brackets were bonded on the upper incisors. 
The initial .014” CuNiTi archwire terminated at the left upper 
second premolar (yellow oval) and was not engaged in the 
tube of tooth #15 because it was likely to be displaced when 
chewing. 

Specific Objectives of Treatment 

Maxilla: 

• A - P: Maintain 

• Vertical: Maintain 

• Transverse: Maintain 

Mandible: 

• A - P: Maintain 

• Vertical: Maintain 

• Transverse: Maintain 

Maxillary Dentition: 

• A - P: Align and open space for an implant-supported 

prosthesis (ISP) in the area of #14 

• Vertical: Maintain 

• Inter-molar Width: Maintain 

• Inter-canine Width : Maintain 

• Buccolingual Inclination: Maintain 

Mandibular Dentition: 

• A - P: Align and close all spaces 

• Vertical: Maintain 

• Inter-molar Width: Maintain 

• Inter-canine Width: Maintain 

• Buccolingual Inclination: Maintain 

Facial Esthetics: Maintain 

Treatment Plan 

Non-extraction treatment with a passive self-ligating 
(PSL) bracket system was indicated.2, 3 Align the 
dentition in a Class I occlusion and close all spaces, 

except for the upper left quadrant, where the 
edentulous site will be opened for an ISP in area of 
#14. Maintain facial form in the frontal and sagittal 
planes. Use intermaxillary elastics as needed to 
achieve a Class I interdigitation. At the end of active 
treatment, deliver clear overlay retainers for both 
arches. 

Appliances and Treatment Progress 

The .022” slot Damon Q® bracket system (Ormco, 

Glendora, CA) was used. The maxillary arch was 
bonded initially with the PSL appliance, using low 
torque brackets on the maxillary incisors (Fig. 11). The 
archwire (.014” CuNiTi) was engaged in all brackets 
and tubes except for the left second molar (#15), 

0M
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 █ Fig. 12: 
Standard torque brackets were bonded on the lower arch 
and a .014” CuNiTi archwire was fitted. Bite turbos (yellow 
marker) were placed on the palatal surface of the the upper 
central incisors to correct the deep bite. 

 █ Fig. 13-a:
The upper archwire was changed to .018” CuNiTi and 
engaged to all brackets. An open coil spring was placed 
between #13 and #15 (yellow marker) to create space for 
implant-supported prosthesis. 

5 

 █ Fig. 13-b:
Class II elastics (Parrot 5/16, 2oz.) were applied bilaterally, from 
the upper first premolars to the lower molars (Left: 1st molar; 
Right: 2nd molar). 

which was avoided because the wire was likely to 
be displaced during normal mastication. After one 
month of active treatment, the mandibular arch 
was bonded with standard torque PSL brackets 
and fitted with an .014” CuNiTi archwire. Bite turbos 
were placed on both upper central incisors to open 
the deep bite (Fig. 12). In the 5th month of active 
treatment, the upper archwire was changed to .018” 
CuNiTi and engaged in all brackets. An open coil 
spring was placed between #13 and 15 to create 
space for an ISP. Note the left side of the upper 
archwire extended to prevent disengagement with 
mastication. Drop-in hooks were fitted in the vertical 
slot of the upper first premolars, and the patient was 
instructed to wear Class II elastics (Parrot 5/16, 2oz.) 
bilaterally full time. The elastics extended from the 

upper first premolars to the most mesial lower molar 
to correct the sagittal discrepancy (Fig. 13). 

Three months later, a rectangular .014x.025” CuNiTi 
wire was placed in the upper arch and the .018” 
CuNiTi was fitted in the lower arch. In the 9th month 
of treatment, interproximal enamel reduction was 
performed on upper incisors to eliminate the black 
triangles, and an elastomeric tube was applied 

1M

5M

5M
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to close the space (Fig. 14). One month later, a 
progress panoramic film was used to evaluate axial 
inclinations (Fig. 15). The brackets for teeth #3, 5, 6, 
11, 20, and 24 were repositioned. Twelve months 
into treatment, the upper archwire was replaced 
by .017x.025” low friction TMA, and the anterior 
segment was ligated with a .012” stainless steel (SS) 
ligature in a figure-eight pattern. 

 █ Fig. 14: 
To correct black triangles, interproximal enamel reduction was performed on upper incisors to create space that was closed 
with elastomeric tube. 

 █ Fig. 15: 
A progress panoramic film to assess axial inclinations shows that the archwire extended beyond the tube on the upper left side 
(yellow arrow). 

In the 14th month of active treatment, .016x.025” 
SS archwires were used for both arches. Lingual 
buttons were bonded on lower right first premolar 
and third molar. Elastomeric chains were then 
attached from first premolar to third molar, on 
both buccal and lingual surfaces, to close the 
residual edentulous space in the mandibular 
arch. Lingual force facilitates the process of space 

9M

10M
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 █ Fig. 17: 
Slices of the CBCT scan demonstrate that the bone height 
was about 11 mm and bucco-lingual width was 7 mm. 

closure and prevents the lower third molar from 
rotating distal-out (Fig. 16-a). The space for the 
implant site (area #14) was prepared by tipping the 
upper left second molar distally (Fig. 16-b). 

Implant Placement 

Before surgery, a three-dimensional cone beam 
computed tomography (CBCT) image was utilized 
to evaluate bone density and volume in the implant 
site. Bone height of 11 mm and buccolingual width 
of 7 mm was adequate for a 4.3x10.0 mm implant. 
The anatomic structure of the implant site is shown 
in Fig. 17. Because of the abundance of soft and 

 █ Fig. 16-a:
Elastomeric chains were attached on the buccal and lingual 
surfaces to achieve more efficient space closure (yellow 
arrows) and avoid iatrogenic rotation of the terminal right 
molar. 

 █ Fig. 16-b:
The implant site has been prepared in the area of tooth #14. 

14M

14M
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 █ Fig. 19: 
The surgical stent was fitted into position and a periodontal probe was used to penetrate the soft tissue to make a bleeding 
point to serve as a guide for implant position (upper center view). A gingival puncture (Ø4.0mm) was performed by a soft tissue 
trephine and the core of soft tissue was then detached from the crestal bone with a surgical curette (lower left view). The first 
lancer drill and the following twist drill are shown in the lower center and left views, respectively. 

hard tissue imaged on CBCT scan, a flapless implant 
surgery technique was indicated for the implant 
placement. A surgical stent was designed following 
the 2B-3D rule4 for precise implant placement in all 
three dimensions (Fig. 18). To insure adequate bone 
of the buccal surface of the implant, the stent was 

 █ Fig. 18: A surgical stent was constructed according to the 2B-3D rule for precise implant placement in all three dimensions. 

designed for osteotomy penetration on the lingual 
aspect of the implant site (Fig. 19). 

Under local anesthesia, the surgical stent was fitted 
into position and a periodontal probe marked the 
position of the future implant. A soft tissue punch 
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 █ Fig. 20: 
A surgical guide pin (left) was placed and a periapical X-ray (center) was taken to check the position of the osteotomy. A side 
cutting Linderman drill (left) was used to correct the osteotomy orientation. 

 █ Fig. 21: 
A 4.3x10.0 mm fixture (A) was installed (B). The fixture depth was 3 mm below the cervical margin of future prosthesis, measured 
with a periodontal probe (C). A 5 mm healing abutment was placed (D). 

(Ø4.0mm) was utilized to make a circular incision 
through the gingiva (Fig. 19). The core of soft tissue 
was detached from the crestal bone with a surgical 
curette, and the soft tissue thickness was 2.5 mm, as 
measured with the periodontal probe. 

The surgical stent was securely positioned for the 
initial osteotomy. The first lancer drill penetrated 
10 mm in depth (7 mm bone and 3 mm soft tissue). 
Then the first twist drill was used to enlarge the 
osteotomy, at the depth established by the lancer 
drill. A surgical guide pin (Ø2.0x10 mm) was placed 
in the osteotomy, and a periapical radiograph was 
exposed to evaluate the distance between the 
sinus floor and the most proximal aspect of the 

implant site preparation. A periapical radiograph 
demonstrated that the angulation of surgical guide 
pin was not parallel to the long axis of the second 
premolar, so a side-cutting drill (Linderman) was used 
to correct the direction of the osteotomy (Fig. 20). 

Once the orientation was corrected, the osteotomy 
was completed with twist drills, following the 
implant manufacturer recommendations. A 4.3x10.0 
mm fixture was inserted (Fig. 21) with a rotary motion 
until the fixture depth was ~3 mm lower than the 
cervical margin of future prosthesis.4 To complete 
the installation procedure, a 5 mm healing abutment 
was placed. Post-op radiographs showed that the 
angulation of the fixture was parallel to the long 

A B C D
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axis of second premolar, and was several mm away 
from the floor of the maxillary sinus. CBCT images 
confirmed that the buccal bone thickness was at 
least 2 mm, which is desirable for the longterm 
success of the implant-supported prosthesis (Fig. 22). 

 █ Fig. 22: 
A post-operative periapical radiograph (left) and CBCT (right) 
were taken to check the position of the implant, as well as to 
confirm the integrity of the sinus membranes. The periapical 
view (left) showed the angulation of the fixture was parallel 
to the long axis of the second premolar, as planned. The 
slice view of the CBCT images (right) show that the buccal 
bone thickness was ≥2 mm. 

 █ Fig. 23: 
Light-cured resin (yellow circle) was used as a base on the 
archwire to produce a compressive load to tilt the second 
molar distally. 

Orthodontic Finishing Stage 

Finishing with fixed appliances was accomplished 
d u r i ng  the  post -op  hea l ing  pe r i o d  before 
completion of the ISP.5 To avoid rotating the second 
premolar with the compressed coil spring, a light-
cured resin stop was installed on the archwire to 
serve as a stable base for applying the compressive 
force to the second molar (Fig. 23). In the 16th month 

of active treatment, detailed finishing bends of the 
upper archwire were performed, and the patient was 
instructed to wear a rhomboid shaped elastic (Fox 

1/4, 3.5oz.) on the right side to correct the localized 
Class II openbite relationship (Fig. 24).6 At this point in 
treatment, the patient’s availability for appointments 
was restricted by frequent trips abroad, and she 
could only return for treatment about every 6 
months. 

At 23 months of treatment, interproximal enamel 
reduction and space closure was performed 
between the upper central incisors to eliminate black 
triangles. L-type elastics (Fox 1/4, 3.5oz.) were applied 
from the upper canines to lower molars bilaterally 
(Fig. 25). Five months later, a progress panoramic film 
assessed root angulations (Fig. 26), and brackets were 
repositioned as needed. In the 29th month of active 
treatment, all fixed appliances were removed. Upper 
and lower clear overlay retainers were delivered for 
both arches. 
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 █ Fig. 24: 
At sixteen months into treatment (16), detailed finishing bends in the upper archwire were combined with a rhomboid shape 
elastic (Fox 1/4”, 3.5oz), as depicted by the yellow rhomboid figure on the right side. 

 █ Fig. 25-a: At 23 months, L-type elastics (Fox 1/4, 3.5oz.) were applied from the upper canines to lower molars bilaterally. 

 █ Fig. 25-b:
At 23 months, another interproximal enamel reduction was 
performed between the upper central incisors to complete 
the correction of the black triangle. 

 █ Fig. 26: 
At 28 months, a progress panoramic film was taken to 
evaluate the root angulations. 

16M

23M

23M 28M
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Implant Prosthesis Fabrication 

Thirteen months after the implant was placed, 
the healing abutment was removed, and the 
surrounding tissue thickness was found to be 3 mm. 
A 3.0 mm cuff height, multi-post abutment (Ø5.0 

mm, 5.2 mm post height and 3.0 mm cuff height) was 
selected for prosthesis fabrication. The height of 
the abutment post was adjusted extraorally with a 
diamond bur, mounted on a high speed hand piece, 
to provide inter-occlusal clearance for fabrication 
of the porcelain fused to metal crown (Fig. 27). An 
abutment level impression technique was chosen. 

 █ Fig. 27: 
A 3.0 mm soft tissue cuff height (left) indicated a 3 mm multi-post abutment (center). The post height was adjusted with 
a diamond bur mounted on a high speed head piece, to provide 2 mm inter-occlusal clearance for the fabrication of the 
porcelain fused to metal crown. 

 █ Fig. 28: 
The height of the abutment was reduced to provide 2 mm of occlusal clearance (left). Double core packing technique was used 
to retract the gingiva (right). 

Before taking the impression, the abutment was 
torqued 25 N-cm with a torque wrench. A double 
core packing technique was used to retract the 
gingiva. The screw access hole for the abutment 
was then sealed with a small cotton pledget and 
temporary cement (Fig. 28). A direct impression was 
made with polyvinyl siloxane, and poured with 
type IV dental stone. The casts were subsequently 
articulated with check-bite records. After completion 
of the final prosthesis, its marginal integrity was 
verified with a dental explorer and appropriate 
tightness of the contact area was confirmed with 
dental floss. 
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 █ Fig. 29: 
The final crown was luted into place with temporary cement. 
The crown contours and occlusal surface were coordinated 
with the adjacent second molar (a). 

After clinical adjustment and verification of the fit 
and occlusion, the definitive crown was luted into 
place with temporary cement, before the patient 
went abroad again. The screw access hole was filled 
with composite resin (Fig. 29). 

Mandibular Dentition: 

• A - P: Incisors moved anteriorly as their axial inclination 

was increased 

• Vertical: Molars extruded and incisors intruded slightly 

• Inter-molar Width: Maintained 

• Inter-canine Width: Maintained 

Facial Esthetics: 

• An acceptable profile with competent lips was 
maintained 

Retention 

The patient was instructed to wear the upper and 
lower clear overlay retainers full time for the first 6 
months and nights only thereafter. Home care and 
retainer maintenance instructions were provided. 

Final Evaluation of Treatment 

The crowded, asymmetric malocclusion (Figs. 2 and 

3) was corrected to Class I, but there was still a Class 
II tendency in the right buccal segment. The #30 
edentulous space was closed and the #14 space 
was opened for an implant-supported prosthesis. 
Although the mandible was rotated posteriorly 
~2mm, a pleasing profile with competent lips was 
achieved. The Cast-Radiograph Evaluation (CRE) 
score was 22 points. 

The major discrepancies were alignment/rotation (4 

points), marginal ridges (4 points), occlusal contacts 
(6 points), occlusal relationships (5 points), and root 
angulation (3 points). The following deviations from 
ideal were noted: 

Results Achieved 

Maxilla: 

• A - P: Maintained 

• Vertical: Maintained 

• Transverse: Maintained 

Mandible: 

• A - P: Decreased 

• Vertical: Increased 

• Transverse: Maintained 

Maxillary Dentition: 

• A - P: Incisors were retracted slightly 

• Vertical: Molars and incisors slightly extruded 

• Inter-molar Width: Maintained 

• Inter-canine Width: Maintained 
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• The upper left second premolar and lower right 
lateral incisor were rotated mesial in, and the 
lower right second premolar was flared buccally. 

• Marginal ridge discrepancies were noted in both 
the upper and lower buccal segments. 

• Occlusal contacts were lacking for three buccal 
and two palatal cusps. 

• The Class II occlusal relationship was not completely 
corrected on the right side. 

• Root angulation problems were observed for 
the upper left second molar, lower left second 
premolar, and lower right third molar, that was 
moved into the second molar position. 

A root resorption tendency (Fig. 8) was noted for 
the lower right second premolar (#29), a tooth that 
had a short root pre-treatment (Fig. 7). The patient 
was informed that this problem should be closely 
evaluated with long term follow-up. Despite a few 
minor alignment problems as noted in the CRE 
score, and a slight opening of the bite (Fig. 10), 
the interdisciplinary outcome for this complex, 
asymmetric malocclusion was very good. 

Discussion 

Increasing numbers of orthodontic patients are 
adults presenting with complex malocclusions, 
involving missing teeth, caries and/or periodontal 
disease. The treatment priority is to achieve 

optimal function and esthetics with a minimal 
prosthetics and treatment time. The present 
patient presented with a relatively common 
problem: acquired malocclusion secondary to the 
asymmetric loss of upper and lower first molars. 
The etiology for the isolated loss of first molars is 
often a hypomineralization defect that renders the 
newly erupted first molars highly susceptible to 
caries.1 The problem may involve one or more of 
the permanent first molars and incisors, and the 
prevalence is >9% in children sampled all over the 
world. Incisor defects may be noticed by parents, 
but the first indiction of hypomineralized first molars 
is often the pain associated with an abscess. The 
“bombed-out” carious molars are usually untreatable 
and must be extracted, often only a year to two after 
eruption. The early loss of first permanent molars 
usually results in acquired malocclusions (Fig. 7). 
When second and third molars are retained in an 
affected quadrant, space closure may be the best 
option. If only one molar remains, an ISP may be the 
treatment choice (Fig. 8). 

The treatment plan for the current patient was 
to create space for an upper left single implant-
supported prosthesis and close the edentulous 
space in the lower arch. When creating space, an 
open coil spring is used to open the extraction site, 
and the archwire must be a little longer than normal 
to prevent it from being displaced by mastication (Fig. 

15). The wire extending through the terminal molar 
tube may be an irritation, so a good option is to 
bond a bead of light-cured resin on the end of the 
wire. 
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2 
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 █ Fig. 30: The CRE: Alignment/Rotations were scored at 4 points as indicated by the red lines. 

 █ Fig. 31: 
The bracket of tooth #4 was not properly positioned relative 
to the central axis of the tooth (yellow line). 

 █ Fig. 32: 
First order (step) bends were used to correct the alignment 
of #25. 

When asymmetric spaces are closed, there may 
be problems with axial inclinations in the buccal 
segments. When closing large spaces, elastomeric 
chains on both the buccal and lingual surfaces 
considerably enhance the efficiency of space closure 
and helps avoid iatrogenic alignment problems. For 
instance, applying force only on the buccal surface 
usually results in distal-out rotation of the terminal 
molar in the anchorage unit. Another concern with 

space closure is excessive retraction of the incisors, 
resulting in a facial profile compromise. Torque 
control with incisor bracket selection and/or third 
order adjustment of archwires are important factors 
in achieving optimal outcomes. 

The ABO Cast-Radiograph Evaluation (CRE) score was 
22 points (Fig. 30). Although this is an excellent final 
score, some significant deficiencies were noted: 
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• Alignment / rotation :  in the 23rd month of 
treatment a radiograph revealed that the bracket 
on tooth #4 failed to correct its rotation (Fig. 31), so 
it was repositioned. Also an archwire adjustment 
was needed to correct the alignment of tooth 
#25 (Fig. 32). Tooth #28 had an axial inclination 
discrepancy, that could be corrected with a cross 
elastic (Chipmunk 1/8, 3.5oz.) from a lingual button 
on tooth #5 to the bracket of tooth #28. 

• Marginal ridges: marginal ridge discrepancies (Fig. 

33) are best corrected by bracket repositioning 
and/or archwire adjustment (detailing) as shown in 
Fig. 34. 

• Occlusal contacts: At the finishing stage, occlusal 
contacts are best optimized by sectioning the 
archwire distal to canines bilaterally, and then 
applying continuous vertical elastics to settle the 
occlusion.7, 8 

• Occlusal relationships: The right side class II 
occlusal relationship may have been a residual 
problem due to asymmetric size and shape of 
condyles (Figs. 35-36). Condylar morphology is 
consistent with a burned-out hyperplasia of the 
right mandibular condyle (Fig. 7). The best solution 
for the residual Class II problem was interproximal 
stripping of the lower incisors and then retracting 
them to create overjet; simultaneously, the buccal 
segment can be corrected with a unilateral Class 
II elastic. The latter must be applied judiciously to 
avoid a cant in the occlusal plane. 

• Root angulation: Repositioning brackets is the 
best solution for root angulation and paralleling. 

The lower right second premolar had a short root at 
the start of treatment (Fig. 7), and was even shorter 
after treatment (Fig. 8). This tooth was apparently 

 █ Fig. 33: The CRE Four marginal ridge discrepancies were scored 1 point each (red mark) for a total of 4 points. 

 █ Fig. 34: Detailing bends 

1 1 1 1 
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2 1 

 █ Fig. 35-a and b: The CRE Occlusal contacts was scored 1 or 2 points each (red marks) for a total of 6 points. 

 █ Fig. 35: 
The CRE: Root angulation was scored 3 points. Note the asymmetric size and shape of condyles (yellow circles). The root 
resorption of #29 should be followed up long term. 
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predisposed to root resorption. Orthodontically 
induced inflammatory root resorption (OIIRR) is a 
serious sequela of orthodontic treatment. Evidence 
suggests that comprehensive orthodontic treatment 
increases the incidence and severity of root 
resorption.9 Numerous investigators have attempted 
to elucidate factors contributing to and/or causing 
apical root resorption. The etiologic factors are 
complex and multifactorial, but the pattern that is 
emerging is a combination of individual biologic 
variability, genetic predisposition, and the effect of 
mechanical factors.10, 11 Bite turbos may be helpful 
in controlling root resorption because they tend to 
decrease occlusal interferences.12 

It is clear that cortical bone is more resistant to 
resorption, so it may slow tooth movement and/
or result in more root resorption.13 However, dense 

cortical bone may form within the alveolar process, 
and it is uncertain how they affect tooth movement. 
This situation may be encountered in an atrophic 
extraction site, particularly when a molar or premolar 
was lost at an early age. It may be difficult to close 
an atrophic extraction site, and the prevalence of 
root resorption could increase.13 In this regard, the 
etiology of the progressive root resorption of tooth 
#29 may be cortical bone resistance when the tooth 
was rotated (Fig. 8). 

Another factor in root resorption is individual 
biological  variat ion.  The root length before 
treatment was shorter than other comparable teeth, 
suggesting #29 was prone to root resorption. The 
rule of thumb indicates that it is better to inform 
early than to apologize later. In retrospect, the 
patient should have been informed about the risk of 

ISP 

1st 

2nd

2nd 

1st 2nd 

3rd 2nd 

 █ Fig. 36: 
The CRE: Occlusal relationships was scored at 5 points because of the Class II interdigitation of all of the maxillary teeth in the 
right buccal segment. 1st, 2nd, 3rd means ordinal number of molars; ISP means implant-supported prosthesis. 
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root resorption prior to treatment. Progressive root 
resorption may result in an unfavorable crown-root 
ratio. Regular follow-up of a compromised tooth or 
teeth is indicated. 

Conclusion 

Adults may have crowded dentitions, despite 
multiple missing teeth. This scenario may present 
challenging asymmetric malocclusions, that are 
difficult to manage with cost-efficient, comprehensive 
treatment. Preprosthetic orthodontics to close space 
and optimize intermaxillary interdigitation is often a 
good option. Then residual edentulous spaces can 
be restored with single-tooth replacement, implant-
supported prostheses. 
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DISCREPANCY INDEX WORKSHEET

(Rev. 9/22/08)
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CROWDING (only one arch)
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3.1 Ð 5 mm.  = 2 pts.
5.1 Ð 7 mm.  = 4 pts.
> 7 mm.  = 7 pts.

    

OCCLUSION
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Full Class II or III = 4 pts. per side         pts.

Beyond Class II or III  = 1 pt.  per mm.        pts.
            additional

   

LINGUAL POSTERIOR X-BITE

1 pt. per tooth   Total   = 0

BUCCAL POSTERIOR X-BITE

2 pts. per tooth   Total   = 2

CEPHALOMETRICS      (See Instructions)

ANB  ≥  6¡  or   ≤  -2¡             =     4 pts.
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       ≥  38¡              =     2 pts.

  Each degree  >  38¡ x 2 pts. =
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Impaction (except 3rd molars) x 2 pts. =
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Missing teeth, congenital       x 2 pts. =      

Spacing (4 or more, per arch)       x 2 pts. = 2

Spacing (Mx cent. diastema ≥ 2mm) @ 2 pts. = 2

Tooth transposition       x 2 pts. =      

Skeletal asymmetry (nonsurgical tx) @ 3 pts. =

Addl. treatment complexities       x 2 pts. =      
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IMPLANT SITE
Lip line : Low (0 pt), Medium (1 pt), High (2 pts)      =    
Gingival biotype : Low-scalloped, thick (0 pt), Medium-scalloped, medium-thick (1 pt), 
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Shape of tooth crowns : Rectangular (0 pt), Triangular (2 pts)  =    
Bone level at adjacent teeth : ≦ 5 mm to contact point (0 pt), 5.5 to 6.5 mm to 
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Discrepancy Index Worksheet
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　　　　　 Alignment/Rotations

   Marginal Ridges

 Buccolingual Inclination

Overjet

Occlusal Contacts

Occlusal Relationships

Interproximal Contacts

INSTRUCTIONS: Place score beside each deficient tooth and enter total score for each parameter
 in the white box. Mark extracted teeth with ÒXÓ. Second molars should be in occlusion.
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Case # Patient 
 

 

 

 

1

1

 

 

����� Alignment/Rotations

      Marginal Ridges

 Buccolingual Inclination

Overjet

Occlusal Contacts

Occlusal Relationships

Interproximal Contacts

INSTRUCTIONS:  Place score beside each deficient tooth and enter total score for each parameter
 in the white box. Mark extracted teeth with ÒXÓ. Second molars should be in occlusion.

IBOI Cast-Radiograph Evaluation

Root Angulation

4

1

0

4

0

6

5
1

1

1

2

1

1 1
2 1

2
111

1 1

1

1

1

Cast-Radiograph Evaluation
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12 3
4

5
6

5

1

2

34 6

12 3
4

5
6

5

1

2

34 6

12 3
4

5
6

5

1

2

34 6

1. Pink Esthetic Score

IBOI Pink & White Esthetic Score (Before Surgical Crown Lengthening)

Total Score: = 3

2. White Esthetic Score ( for Micro-esthetics )

12 3
4

5
6

5

1

2

34 6

1. M & D Papilla 0 1 2

2. Distal Papilla 0 1 2

3. Curvature of Gingival Margin 0 1 2

4. Level of Gingival Margin 0 1 2

5. Root Convexity ( Torque ) 0 1 2

6. Scar Formation 0 1 2

1. Midline 0 1 2

2. Incisor Curve 0 1 2

3. Axial Inclination (5°, 8°, 10°) 0 1 2

4. Contact Area (50%, 40%, 30%) 0 1 2

5. Tooth Proportion (1:0.8) 0 1 2

6. Tooth to Tooth Proportion 0 1 2

1. M & D Papilla 0 1 2

2. Keratinized Gingiva 0 1 2

3. Curvature of Gingival Margin 0 1 2

4. Level of Gingival Margin 0 1 2

5. Root Convexity ( Torque ) 0 1 2

6. Scar Formation 0 1 2

1. Midline 0 1 2

2. Incisor Curve 0 1 2

3. Axial Inclination (5°, 8°, 10°) 0 1 2

4. Contact Area (50%, 40%, 30%) 0 1 2

5. Tooth Proportion (1:0.8) 0 1 2

6. Tooth to Tooth Proportion 0 1 2

Total = 1

Total = 2
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3. Implant Position

1. M & D ( Center ) 0 1 2

2. B & L ( Buccal 2 mm ) 0 1 2

3. Depth ( 3 mm ) 0 1 2

4. Angulation ( Max. 15º ) 0 1 2

5. Distance to Adjacent Anatomy 0 1 2

1. M & D ( Center ) 0 1 2

2. B & L ( Buccal 2 mm ) 0 1 2

3. Depth ( 3 mm ) 0 1 2

4. Angulation ( Max. 15º ) 0 1 2

5. Distance to Adjacent Anatomy 0 1 2

Implant-Abutment Transition & Position Analysis 

Total = 0
Implant Position

1. M-D 2. B-L 3. Depth 4. Angulation 5. Distance to tooth

Center 2mm 3mm Max. 15° ≧ 1.5mm

6
1

2

3

4

5

7
8

6
8

9

7

8

6
1

2

3

4

5

7
8

6
8

9

7

8

Total = 1
1. Fixture Cervical Design N Y 

2. Platform Switch N Y 

3. I-A Connection Type E I 

4. Abutment Selection S C 

5. Screw Hole Position P B 

6. Marginal Bone Loss N Y 0 1 2

7. Modified Gingival Contour N Y 0 1 2

8. Gingival Height N Y 0 1 2

9. Crown margin fitness N Y 0 1 2

1. Fixture Cervical Design N Y

2. Platform Switch N Y

3. I-A Connection Type E I

4. Abutment Selection S C

5. Screw Hole Position P B

6. Marginal Bone Loss N Y 0 1 2

7. Modified Gingival Contour N Y 0 1 2

8. Gingival Height N Y 0 1 2

9. Crown margin fitness N Y 0 1 2

4. Abutment transition Contour

E : external connection, 
I : internal connection, 
S : screw type, 
C : cement type,
P : palatal/central,
B : buccal

6
1

2

3

4

5

7
8

6
8

9

7

8

6
1

2

3

4

5

7
8

6
8

9

7

8

6
1

2

3

4

5

7
8

6
8

9

7

8
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History and Etiology 

A 31-years-old female was referred by her dentist for orthodontic consultation (Fig. 1). Her chief concern was 
the spaces between her lower teeth (Figs. 2-3). There were no contributory medical problems. A clinical exam 
revealed that the excess space in the mandibular region was associated with a mandibular midline deviation 
that was 1.5 mm to the right. The patient had a bilateral Class I molar relationship with a 1.5-2.0 mm open 
bite from the maxillary right lateral incisor to the left canine (Fig. 2). Her oral hygiene was excellent. A tongue 
thrust swallowing pattern was noted, which is a common compensation for patients with an anterior open 
bite. The primary etiology of her anterior open bite appears to be an interincisal posture of the tip of her 
tongue.

The patient was treated to a pleasing result as shown in Figures 4-9. The cephalometric and panoramic 
radiographs document the pre-treatment condition (Fig. 7) and the post-treatment results (Fig. 8). The 
superimposed cephalometric tracings before and after treatment are shown in Fig. 9. The correction of this 
difficult malocclusion was facilitated by assessing progress records, that were collected about 6 months prior 
to the anticipated finish.1 

Nonsurgical Treatment of

Anterior Open Bite Malocclusion

Dr. Ming-Jen Chang,
Lecturer, Beethoven Orthodontic Course (Left) 

Dr. Chris Chang, 
Founder, Beethoven Orthodontic Center

Publisher, International Journal of Orthodontics& Implantology (middle)

W. Eugene Roberts,
Consultant, International Journal of Orthodontics & Implantology (right)

Abstract 
This case report describes the nonsurgical treatment of a 31-years-old female presenting with a chief complaint of anterior open bite 
malocclusion. A clinical exam revealed that there were spaces between her lower anterior teeth. Orthodontics was indicated to align 
and level the maxillary dentition and close the mandibular spaces. Anterior early light short elastic (2 oz) was used to solve the open 
bite problem. Miniscrews in the infrazygomatic crests was applied to retract the upper and lower dentition and intrude the upper 
posterior segment. It improved her lip profile and reduced the mandibular angle. Class III elastics were used to correct the negative 
overjet and continuous intermaxillary elastics were prescribed to settle the final occlusion. A marked improvement in anterior open 
bite correction and occlusal function was achieved. (Int J Orthod Implantol;40:44-63)

Key words:
Anterior open bite malocclusion, early light short elastics, Angle Class I molar relationship, mandibular midline shifted, Damon 
self-ligating brackets, OrthoBoneScrew, extra-alveolar miniscrews, infrazygomatic crests (IZC), class III elastics, negative overjet, 
continuous intermaxillary elastics.
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Dr. Ming-Jen Chang,
Lecturer, Beethoven Orthodontic Course (Left) 

Dr. Chris Chang, 
Founder, Beethoven Orthodontic Center

Publisher, International Journal of Orthodontics& Implantology (middle)

W. Eugene Roberts,
Consultant, International Journal of Orthodontics & Implantology (right)

 █ Fig. 2: Pre-treatment intraoral photographs

 █ Fig. 1: Pre-treatment facial photographs

 █ Fig. 3: Pre-treatment study models (casts) 

 █ Fig. 4: Post-treatment facial photographs 

 █ Fig. 5: Post-treatment intraoral photographs

 █ Fig. 6: Post-treatment study models (casts) 
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 █ Fig. 9:
Superimposed tracings: Upper and lower incisors were retracted. The upper molars were distalized by miniscrews which were 
inserted into the infrazygomatic crests (IZC). Significant lip retraction was achieved due to the whole arch distalization. Very little 
growth was found. 

 █ Fig. 7: Pre-treatment cephalometric and panoramic radiographs  █ Fig. 8: Post-treatment cephalometric and panoramic radiographs
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 █ Fig. 10:
-2 mm overjet and 2 mm open bite, proclined lower incisors 
(IMPA=106°) 

Diagnosis 

Facial: 

• Bimaxillary lip protrusion 

• Chin deviates 3mm to the right side 

Skeletal: 

• Skeletal Class I (SNA 79°, SNB 77°, ANB 2°) 

• High mandibular plane angle (SN-MP 36°, FMA  

29°) 

Dental: 

• Angle Classification: bilateral Class I molar 

relationship 

• Incisal relationships: overjet -2 mm, openbite of ~2 

mm, and proclined lower incisors (IMPA=106°) (Fig. 
10). 

• Tooth Size Arch Length Discrepancy: maxillary 

arch 0 mm, mandibular arch -11 mm 

• Crossbite right canines and first premolars

Radiographic\Panoramic: 

• Asymmetric mandible (Fig. 7) 

Radiographic\Other: 

• Low alveolar bone height in mandibular 
anterior region 

The ABO Discrepancy Index (DI) was 34 as shown in 
the subsequent worksheet. 

Specific Objectives of Treatment 

Maxilla: 

• A - P: Maintain 

• Vertical: Maintain 

• Transverse: Expand to correct posterior crossbite 

Mandible: 

• A - P: Retract 

• Vertical: Maintain 

• Transverse: Maintain 

Maxillary Dentition: 

• A - P: Molars: Retract incisors 

• Vertical: Extrude incisors 

• Inter-molar Width: Maintain 

• Inter-canine Width: Maintain 

• Buccolingual Inclination: Maintain 

Mandibular Dentition: 

• A - P: Maintain molars and retract incisors 
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• Vertical: Maintain 

• Inter-molar Width: Maintain 

• Inter-canine Width: Decrease to correct crossbite 

• Buccolingual Inclination: Maintain 

Facial Esthetics:

• Correct the lip protrusion. 

Other:

• Retract the entire upper and lower dentition to 
correct the protrusive profile. 

Treatment Plan 

A non-extraction treatment with a full  f ixed 
orthodontic appliance was indicated to align 
and level the maxillary dentition and close the 
mandibular anterior spaces. Anterior early light short 
elastics (2 oz) were planned to resolve the anterior 
open bite. 

Two maxillary extra-alveolar miniscrews will be 
used to retract the upper and lower dentition to 
improve the lip profile, as well as to control the 
upper posterior segment extrusion due to use of 
Class III elastics. The final occlusion will be detailed 
with bracket repositioning, archwire adjustment and 
intermaxillary elastics as needed. 

The corrected dentition will be retained with 
lower anterior fixed retainer as well as clear overlay 
retainers for both arches. Tongue and muscle 
training will be reinforced during treatment as well 
as during the retention period. 

Appliances and Treatment Progress 

A .022” slot Damon Q® bracket system (Ormco) was 
used with standard torque brackets on all incisors. 
The maxillary arch was bonded and .014” CuNiTi 
archwire was fitted. Open coil springs were placed 
bilaterally between the central and lateral incisors, to 
open spaces for restoration of carious lesions on the 
distal surfaces of both central incisors (Fig. 11). 

After one month of initial alignment and leveling in 

 █ Fig. 12: 
The mandibular arch was bonded with standard torque 
brackets and fitted with a .014 CuNiTi archwire. 

 █ Fig. 11: 
The maxillary arch was bonded with standard torque 
brackets in the anterior segment and open coil springs were 
placed bilaterally between the central incisors and lateral 
incisors to open spaces for restoration of the distal caries on 
the two central incisors. A .014 CuNiTi archwire was inserted. 

0M

1M
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 █ Fig. 13: 
A .017x.025” TMA archwire was used on the maxillary arch; 
the maxillary anterior segment was ligated with a figure-eight 
tie of an .012” stainless steel ligature. A .014x.025 ”CuNiTi 
archwire was used on the mandibular arch. 

 █ Fig. 14:
In the 10th month, two miniscrews (2x12 mm OrthoBoneScrew®, Newton’s A, Ltd., Hsinchu, Taiwan) were inserted into both 
infrazygomatic crests. The elastometric chains were attached from the upper right and left canines to the screws. 

the maxillary arch, the mandibular arch was bonded 
with standard torque brackets and fitted with a .014” 
CuNiTi archwire (Fig. 12). The patient was instructed 
to wear Class III elastics (Parrot 5/16, 2oz.) bilaterally 
full time, from the lower canine to the upper 1st 
molar to correct the negative overjet. 

Four months after the initiation of treatment, a 
rectangular .014x.025” CuNiTi wire was placed in 
the maxillary arch. Drop in hooks were inserted into 
the brackets of the upper central incisors and lower 
canines. Early light elastics (Ostrich 3/4, 2oz.) were 
used from the lower canines to the upper central 
incisors to correct the anterior open bite. 

One month later, a .017x.025” low friction TMA 
archwire, expanded in the posterior, was used on 
the maxillary arch, and the anterior segment was 
ligated with a figure-eight tie with a .012” stainless 
steel ligature. A .014x.025” CuNiTi archwire was fitted 
for the mandibular arch (Fig. 13). The lower archwire 
was replaced with a .016x.025” SS. 

Eight months after the initiation of treatment, a 
.019x.025” SS archwire was used on the maxillary 
arch. After the negative overjet was corrected, 

Class II elastics (Fox 1/4, 3.5oz.) were worn bilaterally 
from the upper canine to the lower 1st molar. The 
following month, the 1.5 mm maxillary midline 
deviation to the right was addressed by increasing 
the force of the Class II elastics (Bear 1/4, 4.5oz.) and 
extending the range of action to the lower 2nd molar 
on the right side. 

In the 10th month, two extra-alveolar bone screws 
(2x12 mm OrthoBoneScrew® ,  Newton’s A ,  Ltd. , 

Hsinchu, Taiwan) were inserted bilaterally into the 
infrazygomatic crest (IZC). Elastometric chains were 
attached from the upper right and left canines to 
the screws (Fig. 14) to retract the maxillary anterior 

5M

10M
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 █ Fig. 17: Interim-treatment study models. 

 █ Fig. 16: Interim-treatment facial and intraoral photographs. 

 █ Fig. 15:
The lower midline shift 1mm to right side was noticed. The 
Class II elastics were kept on the right side only to correct 
the midline shift. 

11M

segment. One month later, a 1mm lower midline 
shift to the right side was still evident, therefore Class 
II elastics were maintained on the right side only, for 
correction of the midline (Fig. 15). 

After 13 months of active treatment, interim-
treatment records were collected to evaluate the 
treatment progress and to plan the future treatment 
(Figs. 16-19). 

Interim-Treatment Progress 

Maxilla: 

• A - P: Maintained 

• Vertical: Maintained 

• Transverse: Maintained 

Mandible: 

• A - P: Maintained 

• Vertical: Slightly Increased 

• Transverse: Maintained 

Maxillary Dentition: 

• A - P :
a. Molars: Maintained
b. Incisors: Extruded 

• Vertical:

a. Molars: Maintained
b. Incisors: Extruded 

• Inter-molar Width: Expanded 

• Inter-canine Width: Constricted 

• Buccolingual Inclination: Maintained 

Mandibular Dentition: 

• A - P:
a. Molars: Maintained
b. Incisors: Extruded 
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 █ Fig. 18: 
Interim-treatment cephalometric and panoramic radiographs

 █ Fig. 19: Superimposed tracings: Flaring of the lower incisors had been reduced from 106° to 94°. 

• Vertical:

Molars: Extruded
Incisors: Extruded 

• Inter-molar Width: Expanded 

• Inter-canine Width: Constricted 

• Buccolingual Inclination: Lingual Tipping 

Anticipated Future Treatment 

The interim-treatment assessment revealed that the 
open bite, spacing and protrusive lower lip had all 
been improved (Fig. 16). The axial inclination of the 
lower incisors had been reduced from 106˚ to 94˚ 
(Fig. 20). IZC Miniscrews will be used to further correct 
the deviated midline and lip protrusion. A progress 
Cast-Radiograph Evaluation (CRE) score is routinely 
used about six months before debonding to check 
for alignment discrepancies (Figs. 21-24). This is a proven 
method for improving treatment quality.1 A detailed 
correction plan was generated based on this CRE score. 
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Panoramic radiography was used to check the 
angulation of the dentition in order to reposition 
brackets (Fig. 25). Then, the precise “to do list” was 
formulated to achieve an optimal finish with about 6 
more months of treatment. The to do list was based 
on a progress CRE score of 40: 

1. Detailed bending to correct rotations (Fig. 21). 

2. Bond lingual buttons on lower 2nd molars and 
apply criss-cross elastics to correct lingual 
tipping of the lower 2nd molars and buccal 
flaring of the upper right 2nd molar (Fig. 22). 

3. Retract the upper anterior segment with Class II 
elastics to reduce the overjet (Fig. 23). 

4. IZC miniscrews to be utilized for correction of 
the deviated midline. 

5. Interproximal reduction of lower anterior 
segment is indicated to reduce black triangles. 

6. Arch coordination is needed to improve 
occlusal relationships and contacts (Fig. 24). 

 █ Fig. 20: Flaring of the lower incisors had been reduced from 106° to 94°. 

The interproximal contact of lower anterior teeth 
were stripped to reduce the black triangles (Fig. 26). 
The midline shift was closely monitored throughout 
treatment and in the 16th month of progress, the 
dental midline was corrected to an acceptable 
position (Fig. 27) and the bone screws were removed 
one month later. The elastics force to correct the 
anterior openbite was decreased (Giraffe 3/4, 3.5oz.) 
and Class II elastics (Fox 1/4, 3.5oz.) were maintained 
bilaterally to retract the upper anterior segment to 
reduce the overjet. 

In the 21st month, lingual buttons were bonded on 
the lower left canine and 1st premolar (Fig. 28) to help 
close a 1mm space between them. Additionally, 
triangle elastics (Chipmunk 1/8, 3.5oz.) were attached 
from the upper left canine to the two lingual buttons 
to improve the occlusal contact (Fig. 29). 

Twenty-six months after the initiation of treatment, 
two torquing springs were placed on each upper 
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1          1 
2 2 

2 

 █ Fig. 23:  The interim-treatment CRE: Overjet was 8. 

1 1 

1 

1 

1 

 █ Fig. 21: The interim-treatment CRE: Alignment/Rotations was 5. 

2 
1 

1 
1 2 2 

1 1 

 █ Fig. 22: The interim-treatment CRE: Buccolingual inclination was 11. 
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 █ Fig. 27:
 In the 16th month of treatment, the dental midline was set to 
an acceptable position. 

 █ Fig. 26:
The interproximal contact of lower anterior teeth were 
stripped to reduce the black triangles. 

1 1 1 1 1 

 █ Fig. 24:  The interim-treatment CRE: Occlusal relationships was 5. 

1 

 █ Fig. 25:  The interim-treatment CRE: Root angulation was 1. 

13M 16M
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 █ Fig. 30:
Two torquing springs were placed bilaterally on the upper 
lateral incisors to move the crown palatally. 

 █ Fig. 28:
Two lingual buttons were bonded on the lower left canine 
and 1st premolar. 

 █ Fig. 29:
The triangle elastics (Chipmunk 1/8, 3.5oz.) were attached 
from the upper left canine to these two lingual buttons to 
improve the occlusal contact. 

21M

21M

26M

lateral incisor to move the crowns palatally, as the 
maxillary arch was leveled (Fig. 30). The archwire was 
sectioned distally to the bilateral upper 2nd premolar. 
The poster ior  segments were removed and 
continuous intermaxillary elastics (Giraffe, Chipmunk, 

Kangaroo) were prescribed to settle the occlusion (Fig. 

31). 

After 27 months of active treatment, all appliances 
were removed. 

Results Achieved 

Maxilla: 

• A - P: Retracted 

• Vertical: Maintained 

• Transverse: Maintained 

Mandible: 

• A - P: Maintained 

• Vertical: Maintained 

• Transverse: Maintained 

Maxillary Dentition: 

• A - P: Incisors retracted, slight retraction of the molars 

• Vertical: Incisors exrtruded 

• Transverse: 
Inter-molar Width: Increased

Inter-canine Width: Maintained 

Mandibular Dentition: 

• A - P: Incisors retracted 

• Vertical: Molars and incisors extruded 
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• Transverse:

Inter-molar Width: Increased
Inter-canine Width: Decreased 

Facial Esthetics: 

• Upper and lower lips were retracted, consistent 
with an optimal facial form. 

Retention 

An anterior mandibular fixed retainer was bonded 
on all teeth from canine to canine. Upper and lower 
clear overlay retainers were delivered. The patient 
was instructed to wear them full time for the first 6 
months and nights only thereafter. The patient was 
instructed on home care and maintenance of the 
retainers as well as muscle exercises. 

Final Evaluation of Treatment 

The ABO Cast-Radiograph Evaluation score was 20 
points. There are major discrepancies in two categories: 
alignment/rotation (4 points) and occlusal contacts (8 points). 

Alignment and restorative recontouring of the 
upper anterior incisors, and closure of lower spaces 
helped to resolve the patient’s chief complaints. 
The excessive spaces of the lower dentition were 
eliminated, but long-term retention will be necessary 
to prevent relapse. 

Overall, there was significant improvement in both 
dental esthetics and occlusion. The profile was 
treated to an appropriate result with no esthetic 
problems. 

Discussion 

Anterior open bite has a multifactorial etiology 
comprising of genetically inherited skeletal pattern, 
soft tissue posture and inter-incisal habits, such 
as digit-sucking. To formulate an appropriate 
treatment plan, an accurate diagnosis is essential. 
Developmental open bites may resolve completely 
during the transition from mixed to permanent 
dentition, if the etiology is corrected, i. e. digit-

 █ Fig. 31: 
The archwire was sectioned distally to the upper 2nd premolar on both sides. The posterior segments were removed. 
Continuous intermaxillary elastics were prescribed to settle the occlusion. 

26M
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sucking habit and/or inter-incisal lip posture. More 
severe open bites, sometimes extending back to 
the terminal molars, rarely resolve spontaneously, so 
they often require complex orthodontic treatment, 
involving active molar intrusion or orthognathic 
surgery. However, major surgery has associated 
risks such as pain, swelling, bruising, altered nerve 
sensation which may be manifest as permanent 
anesthesia. In addition, there are significant costs, as 
well as the additional risk of general anesthesia.2 

Wearing the elastics as instructed, and spontaneous 
correction of aberrant lip posture, were the keys to 
correcting the patient’s anterior open bite. Using 
light elastics where applicable early in the treatment 
for correcting A/P, vertical and transverse problems 
is an important tool for improving treatment quality 
and enhancing the efficiency of the appliance 
system.3 Anterior early elastics with light force are 
optimal because there is a reduced tendency for 
excessive distal tipping of the incisors. In the absence 
of a habit of extraoral origin, the proximal etiology of 
anterior openbite is inter-incisal tongue posture. The 
use of light early elastics provides vertical force and 
serves as a reminder for the patient to retract the 
tongue gradually as the incisors extrude. However, 
it is important for the patient to understand their 
responsibility for correcting the tongue posture and 
maintaining. Achieving longterm success depends 
on correction of the etiology. 

Stepovich4 concluded that spaces of 10 mm or more 
can be closed in adults, but retaining the closed 
spaces was difficult. For the present patient, an 

anterior mandibular fixed retainer was bonded on 
all teeth from canine to canine to prevent the space 
from reopening. 

Orthodontists strive to achieve a good functional 
occlusion. However, a tooth's position in the 
arch is determined by a combination of eruptive 
force, functional contact, and anatomy. Cusps and 
inclined planes aid in mastication and are guides 
for achieving optimal occlusal contact. Therefore, 
controlled settling accomplishes the same natural 
purpose as when teeth initially erupt.5 

Anterior segment retraction with miniscrew 
anchorage is a noncompliant mechanism for 
improving the facial profile that exceeds the 
potential for all other approaches such as headgear 
combined with a transpalatal arch.6-7 Miniscrews 
have a high success rate of approximately 90% and 
they provided sufficient anchorage immediately 
after placement surgery for any orthodontic tooth 
movement. In addition, miniscrews placed without a 
mucoperiosteal incision or flap surgery significantly 
reduce the patient’s pain and discomfort after 
implantation.6-8 

It is very important for the orthodontist to educate 
the patient regarding the correct use of elastics 
because treatment results are dependent on 
patient cooperation. Latex elastics fail to maintain 
a continuous force and are therefore inferior to Niti 
springs in that regard.9 

The maxillary and mandibular posterior teeth were 
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retracted with extra-alveolar miniscrew implants 
(2 mm in diameter and 12 mm long). En masse 
movement of the entire dentition after anterior 
tooth alignment reduced the treatment time and 
maximized the overall efficiency of the correction. 
The miniscrew implants were maintained firmly 
throughout the treatment and were able to provide 
excellent anchorage for retraction of the entire 
dentition. 

The Pink & White esthetic score worksheet list below 
provides a broad array of clinical parameters for 
evaluation of patients with esthetics concerns.10 

Conclusion 

Overall, extra-alveolar miniscrews outperform all 
other forms of traditional mechanics for treating 
patients with severe malocclusions. Wearing the 
elastics as instructed was the key to correcting the 
patient’s anterior open bite. The discrepancies in 
occlusal contacts could have been improved by 
using more up and down elastics, but the additional 
mechanics would have increased treatment time. 

Muscle exercises (myofunctional therapy) played 
an important role in the open bite correction. 
The dental protrusion was corrected with extra-
alveolar miniscrew anchorage to retract the entire 
dentition. The long-term stability for this corrected 
malocclusion may be challenging, so the patient 
will be closely monitored with respect to soft tissue 
posture and recurrence of the open bite. 

CEPHALOMETRIC

SKELETAL ANALYSIS

PRE-Tx Progress POST-Tx DIFF.

SNA° 79° 79° 78° 1° 

SNB° 77° 77° 76° 1° 

ANB° 2° 2° 2° 0° 

SN-MP° 36° 36° 36.5° 0.5°

FMA° 29° 29° 29.5° 0.5° 

DENTAL ANALYSIS

U1 TO NA mm 6 mm 6 mm 4.5 mm 1.5 mm 

U1 TO SN° 106° 108° 104° 4° 

L1 TO NB mm 10 mm 8 mm 6.5 mm 3.5 mm 

L1 TO MP° 106° 94° 90° 16°

FACIAL ANALYSIS

E-LINE UL -1 mm -1.5 mm -2.5 mm 1.5 mm 

E-LINE LL 3 mm 1 mm -0.5 mm 3.5 mm

██ Table 1: Cephalometric summary

In conclusion, this case demonstrates that open bite 
correction can be achieved with simple mechanics 
and muscle exercises to control the etiology. This 
difficult malocclusion (DI=34) was treated to an 
acceptable result (CRE=20). The patient and the 
clinician were pleased with the treatment result. 
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DISCREPANCY INDEX WORKSHEET

(Rev. 9/22/08)
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LINGUAL POSTERIOR X-BITE

1 pt. per tooth   Total   = 0

BUCCAL POSTERIOR X-BITE

2 pts. per tooth   Total   = 2

CEPHALOMETRICS      (See Instructions)

ANB  ≥  6¡  or   ≤  -2¡             =     4 pts.
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Missing teeth (except 3rd molars)      x 1 pts. =

Missing teeth, congenital       x 2 pts. =      
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  Total          = 4
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IMPLANT SITE
Lip line : Low (0 pt), Medium (1 pt), High (2 pts)                       =             
Gingival biotype : Low-scalloped, thick (0 pt), Medium-scalloped, medium-thick (1 pt), 
High-scalloped, thin (2 pts)                                                                      =             
Shape of tooth crowns : Rectangular (0 pt), Triangular (2 pts)       =             
Bone level at adjacent teeth : ≦ 5 mm to contact point (0 pt), 5.5 to 6.5 mm to 
contact point (1 pt), ≧ 7mm to contact point (2 pts)                         =             
Bone anatomy of alveolar crest : H&V sufficient (0 pt), Deficient H, allow 
simultaneous augment (1 pt), Deficient H, require prior grafting (2 pts), Deficient V or Both 

H&V (3 pts)                                                                                           =             
Soft tissue anatomy : Intact (0 pt), Defective ( 2 pts)                      =                                                                                                                                                
Infection at implant site : None (0 pt), Chronic (1 pt), Acute( 2 pts)       =             

0
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Discrepancy Index Worksheet
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Cast-Radiograph Evaluation
Interim-Treatment Progress
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3. Curvature of Gingival Margin 0 1 2

4. Level of Gingival Margin 0 1 2

5. Root Convexity ( Torque ) 0 1 2

6. Scar Formation 0 1 2

1. Midline 0 1 2

2. Incisor Curve 0 1 2

3. Axial Inclination (5°, 8°, 10°) 0 1 2

4. Contact Area (50%, 40%, 30%) 0 1 2

5. Tooth Proportion (1:0.8) 0 1 2

6. Tooth to Tooth Proportion 0 1 2
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Skeletal Class III Malocclusion with Canine 
Transposition and Facial Asymmetry 

anterior crossbite extended from the right lateral 
incisor to the left 2nd premolar. Cephalometric and 
panoramic radiographs (Fig. 7), as well as anterior 
segment photographs (Fig .  10) document the 
complexity of the malocclusion. 

Skeletal:  

• Skeletal Class III (SNA 70°, SNB 75°, ANB -5°) 

• Mandibular plane angle (SN-MP 37°, FMA 29°) 

Dental:  

• Functional shift 4mm anteriorly and 3mm to the 
left 

• C lass  I I I  on the r ight  and Class  I  molar 
relationship on the left. 

• Maximum overbite 3 mm 

• Maximum overjet -3 mm 

• Severe crowding of ~10 mm in the upper arch 
and 7 mm in the lower arch 

• Right maxi l lary canine blocked-out and 
transposed with the adjacent 1st premolar

The ABO Discrepancy Index (DI) was 46 points as 
shown in the subsequent worksheet. 

History and Etiology 

A 13-year-6-month-old male presented with a chief 
complaint of prognathic mandible (Figs. 1-3). There 
was no other contributory medical or dental history. 
The etiology was hereditary tendency for prognathic 
mandible with eruption of the maxillary central 
incisors into crossbite, which resulted in a functional 
shift of 4mm anterior and 3mm to the left. Clinical 
exam indicated transposition of the permanent right 
maxillary canine and premolar, general crowding 
and anterior crossbite (Fig. 2). Extraction of all four 
first premolars was proposed to correct the canine 
transposition and create space for retraction of 
lower anterior dentition. The patient was treated to 
an acceptable result as documented in Figs. 4-9. 

Diagnosis 

In centric occlusion, a severe dental asymmetry 
was noted: Class III molar on the right side, Class I 
molar on the left side, and an intermaxillary midline 
discrepancy of ~7mm. There was a concave profile 
and asymmetrical facial form with the mandible 
deviated to the left. Relative to the facial midline, the 
upper dental midline was 2 mm to the right, while 
the lower dental midline was 5 mm to the left. The 

Dr. Wei Ming-Wei,
Resident, Beethoven Orthodontic Course (Left) 

Dr. Chris Chang, 
Founder, Beethoven Orthodontic Center

Publisher, International Journal of Orthodontics& Implantology (middle)

W. Eugene Roberts,
Consultant, International Journal of Orthodontics & Implantology (right)
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 █ Fig. 2: Pre-treatment intraoral photographs

 █ Fig. 1: Pre-treatment facial photographs

 █ Fig. 3: Pre-treatment study models (casts) 

 █ Fig. 4: Post-treatment facial photographs 

 █ Fig. 5: Post-treatment intraoral photographs

 █ Fig. 6: 
Post-treatment study models (casts) reveal modest 
expansion in both arches. 
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 █ Fig. 9:
Superimposed tracings. Reasonable mesial drift of molars and retraction of incisors were found in this extraction case. Overjet 
correction due to maxillary incisors uprighting. Well controlled torque of the lower incisors were noticed. 

 █ Fig. 7:
Pre-treatment panoramic and cephalometric radiographs

 █ Fig. 8:
Post-treatment panoramic and cephalometric radiographs
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 █ Fig. 10: Close-up views of the right maxillary canine-premolar transposition and canting of the lower occlusal plane. 

Specific Objectives of Treatment 

Maxilla (all three planes): 

• A - P: Maintain 

• Vertical: Maintain 

• Transverse: Expand to coordinate with lower arch 

Mandible (all three planes): 

• A - P: Maintain 

• Vertical: Posterior rotation to open the vertical 

dimension of occlusion 

• Transverse: Maintain 

Maxillary Dentition: 

• A - P: Maintain 

• Vertical: Extrusion of molars 

• Inter-molar Width: Maintain 

Mandibular Dentition: 

• A - P: Retraction of anterior teeth 

• Vertical: Extrusion with increased vertical dimension of 

occlusion 

• Inter-molar / Inter-canine Width: Maintain 

Facial Esthetics: 

• Posterior movement of chin point and lower lip 

Treatment Plan 

All four 1st premolars were extracted to create space 
to align the transposed right maxillary canine, as well 
as to retract the protruded lower anterior segment, 
to correct the crossbite (Fig. 11). Anterior bite 
turbos were bonded on the lingual surfaces of the 
mandibular central incisors and the left lateral incisor 
to open the bite for crossbite correction. Early light 
short Class III elastics were used in the initial stage of 
treatment to assist crossbite correction (Fig. 12). 

After the crossbite correction and alignment of the 
maxillary anterior segment, a torquing auxiliary 
was indicated for the maxillary right canine. A 
mandibular pre-torqued rectangular NiTi wire, 
with vertical elastics were used to flatten and align 
the arch (Fig. 13). A mandibular anterior torquing 
auxiliary and asymmetric intermaxillary elastics (Class 

III right, Class II left) were applied (Figs. 14-15). Vertical 
elastics were used to produce the final occlusion 
(Fig. 16). The fixed appliances were removed and the 
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 █ Fig. 12:
Class III elastic provided horizontal and vertical forces to 
improve canting in the lower arch and to facilitate early 
correction of Class III relation. 

corrected dentition was retained with fixed anterior 
retainers (Mx 3-3, Md 5-5) that were bonded to each 
tooth in both arches (Fig. 5). 

Appliances and Treatment Progress 

A .022” Damon Q® bracket system (Ormco) was used. 
The maxillary arch was bonded with standard torque 
brackets, and low torque brackets reversed were 
selected for the lower anterior teeth to counter the 
force of Class III elastics (Fig. 12). 

After seven months of active treatment, the right 
maxillary canine was aligned into the arch. Positive 
overjet was achieved and the canting of the lower 
occlusal-plane (Fig. 10) was improved (Fig. 13). Anterior 

CEPHALOMETRIC

SKELETAL ANALYSIS

PRE-Tx POST-Tx DIFF.

SNA° 70° 70° 0° 
SNB° 75° 73.5° 1.5° 
ANB° -5° -3.5° 1.5° 
SN-MP° 37° 42° 5° 
FMA° 29° 34° 5° 

DENTAL ANALYSIS

U1 TO NAmm 9 mm 11 mm 2 mm 
U1 TO SN° 116° 120° 4° 
L1 TO NBmm 6 mm 4.5 mm 1.5 mm 
L1 TO MP° 89° 87.5° 1.5°

FACIAL ANALYSIS

E-LINE UL -2 mm -1 mm 1 mm 
E-LINE LL 2.5 mm 2 mm 0.5 mm 

██ Table 1: Cephalometric summary

 █ Fig. 11:
Premolars were extracted in the initial treatment. Anterior 
bite turbos were boned on the lower arch for bite opening. 

1M

1M

1M
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root torque springs (ART) were placed on both the 
lower anterior teeth and right maxillary canine for 
early torque control (Figs. 13-14). After eleven months 
of active treatment, maxillary space was closed, but 
the excessive Curve of Spee of the lower arch and 
the midline deviation were still evident. Clockwise 
rotation of the mandible corrected the severe Class 
III relationship on the right side to Class I, but the 
slight Class III on the left evolved into a Class II molar 
relationship. A .016x.025" pre-torqued NiTi wire with 
asymmetrical elastics were used to flatten the Curve 
of Spee and correct the molar relationship in this 
stage of treatment (Fig. 14). 

 █ Fig. 14:
Asymmetrical elastics and a pre-torque NiTi wire were 
introduced in the 11th month of treatment.
(Arrow: lower 3-3 ART) 

 █ Fig. 13:
7th month of treatment. leveling of right maxillary canine and 
the lower-occlusal plane canting were improved. Positive 
overjet was also achieved. 

From the 12-20 months of treatment, a Class III 
L-shape elastic from the right mandibular canine, 
and coursing under the 2ndpremolar bracket to the 
right maxillary 1st molar was used for space closure 
and settling of the posterior occlusion (Fig. 15). Seven 
months were required to correct the asymmetric 
molar relationships. 

In the last two months of treatment, elastics were 
applied to settle the occlusion: upside down U 
shape elastics in the anterior and a vertical elastics 
in the second molar area bilaterally were applied to 
settle the final occlusion (Fig. 16). After 29 months of 
active treatment, all appliances were removed. 

7M

7M

11M

11M
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Results Achieved 

Maxilla (all three planes): 

• A - P: Maintained 

• Vertical: Maintained 

• Transverse: Maintained 

Mandible (all three planes): 

• A - P: Retracted 

• Vertical: Mild clockwise rotation to increase the vertical 

dimension 

• Transverse: Maintained 

Maxillary Dentition: 

• A - P: Flaring of the incisors 

• Vertical: Molar extrusion and mesial movement 

• Inter-molar / Inter-canine Width: Maintained 

Mandibular Dentition: 

• A - P: Flaring of the incisors 

• Vertical: Molar extrusion and mesial movement 

• Inter-molar / Inter-canine Width: Maintained 

Facial Esthetics: 

• Retraction of the lower lip and chin point 

Retention 

Fixed retainers were bonded on all maxillary incisors 
and from second premolar to second premolar 
in the mandibular arch. An upper clear overlay 
retainer was delivered. The patient was instructed 

 █ Fig. 15:
A L-shape Class III vector elastic was utilized for space 
closure, settling posterior bite and better interdigitation. 

 █ Fig. 16:
Elastics used at the end of treatment to settle occlusion. 

22M

28M

28M
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to wear it full time for the first 6 months and nights 
only thereafter. Instructions in home care and 
maintenance of retainers were provided. 

Final Evaluation of Treatment 

The ABO Cast-Radiograph Evaluation score was 22 
points. The major discrepancies were in the lingual 
occlusal contacts and alignment/rotation. Deviation 
of the lower dental midline was decreased to 1 mm 
to the left of the maxillary midline. The transposed 
canine was well aligned, and the gingiva texture was 
healthy (Fig. 5). 

Collectively, molar extrusion and mandible clockwise 
rotation improved the facial profile. The Class III 
molar relation was corrected. Overall, this Class 
III asymmetric malocclusion was treated to an 
appropriate facial and dental result. The roots of 
the maxillary incisors were out of focus on the post-
treatment panoramic radiograph, but it appears 
that there was significant root resorption of both 
maxillary central incisors and the left lateral incisor. 
The latter may have been due to the occlusal stress 
of the premature contact with the anterior bite 
turbos during crossbite correction. 

Discussion 

Surgical correction is routinely indicated for 
asymmetrical Class III malocclusions because of 
a questionable prognosis for orthodontics only 
management of large skeletal discrepancies and 

unsatisfactory esthetic outcomes.1 However, if there 
is a substantial functional shift, the asymmetrical 
profile and mandibular shift are accentuated.2 
Increasing lower facial height and correcting the 
functional shift are more readily achieved with non-
surgical treatment. Carefully considering the pros 
and cons of conventional and surgical treatment 
are important elements of diagnosis and treatment 
planning. 

Growth potential warrants additional consideration 
if a patient exhibits signs of mandibular overgrowth. 
In the present case, although the mandibular 
prognathism was noted at the beginning of 
treatment, little or no further increase in mandibular 
length was noted during treatment. Baccetti3 
provided an assessment method for determining 
skeletal maturation by evaluating the cervical 
vertebrae in routine lateral cephalograms. For the 
present case, skeletal maturation exceeded CS 
5, indicating a mature skeletal pattern, suitable 
for treatment as an adult. There were additional 
indicators favoring non-surgical orthodontic options: 
1) the chief complaint was mandibular prognathism 
without consideration of facial asymmetry, 2) 
reduced lower facial height, 3) obtuse nasolabial 
angle, 4) negative overjet less than 4mm,4 and 
5) a moderate Class III molar relationship with a 
discrepancy that was less than a molar’s width.5 

A conservative treatment approach was selected 
which consisted of a camouflage dental correction 
(Fig. 17) with counter-clockwise rotation of occlusal 
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plane. Downward and backward rotation of the 
chin point, in conjunction with molar extrusion and 
increased lower facial height, produced a more 
harmonious lateral facial profile. Predictable dental 
changes included proclination of the maxillary 
incisors and retroclination of the mandibular 
incisors. Torque control was essential in camouflage 
treatment in order to prevent further periodontal 
problems. Lost control of anterior teeth might 

compromise long-term stability, particularly in 
extraction cases.6 Early usage of ARTs and the pre-
torqued NiTi wire on the lower arch delivered a 
continuous light force, as opposed to a heavy 
interruptive force from a twisted rectangular wire at 
a later stage in treatment. As the transposed right 
maxillary canine was moved mesially, an ART spring 
was used to correct the axial inclination (Fig. 18). 
Higher torque canine brackets would have been 
more favorable for the present case (Fig. 12). 

Anterior or posterior placement of bite turbos 
can be used for bite opening. For the present 
patient, molar extrusion and clockwise rotation 
of the mandible were part of the treatment plan, 
so anterior bite turbos were appropriate for this 
purpose. With bite turbos and early light short 
elastics (Class III vector), the anterior crossbite was 
corrected within seven months. Short Class III 

 █ Fig. 17:
Camouflage dental correction with counter-clockwise 
rotation of the occlusal plane.

 █ Fig. 18:
Early torque control in right maxillary canine contributed good torque express in the middle of treatment.  
(Arrow: root torque spring) 
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 █ Fig. 19:
Flattening of smile arc after Class III correction is a common side effect in traditional interarch Class III mechanics. 

elastics on the right side also provided an extrusion 
force for the infra-occlusion right mandibular canine 
and redirected the displaced mandible to return 
to its normal position. This approach would not be 
appropriate for patients with a true severe skeletal 
asymmetry and large discrepancy in ramus height. 
Carefully monitoring of the treatment response 
is critical for success. For instance, incisal occlusal 
stress due to anterior bite turbos may contribute to 
the root resorption of the maxillary incisors in some 
patients. A progress radiograph six months into 
treatment would have been appropriate because 
the root of the left maxillary central incisor appears 
to be moderately resorbed prior to treatment (Fig. 7). 
Fortunately, the panoramic radiograph at the end 
of treatment showed no significant progression of 
maxillary incisal root resorption (Fig. 8).

Temporary anchorage devices (TADs) ,  placed 
lateral to the alveolar processes (mandibular buccal 

shelves, infrazygomatic crests) are a break-through for 

treatment of Class III malocclusions.5,7 The stationary 
anchorage of TADs facilitate retraction of the entire 
lower arch, without proclination (anterior tipping) of 
maxillary incisors7 or deterioration of smile arc, two 
common problems with Class III elastics (Fig. 19).5,8 
For many Asians, the major contributory factor for 
Class III malocclusion is mandibular prognathism 
with  normal  mid- face development . 9 TADs 
provide reliable anchorage for Class III treatment 
without creating the undesirable effects seen with 
intermaxillary elastics. For the present patient, the 
application of TADs was considered, but discarded 
because of the acceptable upper lip prominence 
(Fig. 20), and the transposition of the maxillary right 
canine and first premolar. Nonextraction treatment 
of the transposition with TAD anchorage would have 
been very difficult. Since extraction of the maxillary 
left first premolar was necessary, the most expedient 
approach was to remove all four first premolars, and 
treat the patient with conventional mechanics. 
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As mentioned previously, smile arc preservation is 
crucial for an esthetic result with Class III cases.10 
Ackerman reported that 40% of routine orthodontics 
corrections show a deterioration in smile arc.11 The 
nature of Class III mechanics include molar extrusion, 
counter-clockwise rotation of the occlusal plane8 
(Fig. 17), and torque change in incisors of both 
arches. These side effects further challenge smile 
arc preservation during Class III (Fig. 19) treatment. 
Restrictive usage of Class III elastics, in combination 
with Class II elastics and TADs in the mandible, 
can effectively enhance the smile arc.7 However, 
the biomechanical boundary remains definitive, 
regardless of the treatment methods.12 As proposed 
by Kondo,13, 14 the anterior limit for incisor retraction 
is the posterior border of the symphysis, while 
the PM or ramus line is the posterior limit for arch 
retraction (Fig. 21). 

Asymmetrical correction is complex, and often 
involves various mechanics, including intra-arch 

auxiliaries15 and multiple loops, for realigning and 
coordinating the arch.16 These special mechanics are 
often associated with undesirable side effects like 
compromised molar angulation to meet occlusal 
goals at the end of treatment.17 Low fiction, self-
ligating brackets with special elastics configurations 
simplify this challenge significantly. Although the 
4mm midline deviation, that was evident after 
correction of the functional shift, was not completely 
corrected for the present patient, but the result 
was satisfactory. The CRE score was 22, with most 
of the points deducted for inadequate third order 
correction of the maxillary posterior segments, 
which is reflected in the scores for buccolingual 
inclination (4 points) and lingual cusp contacts (3 

points). More buccal root torque in the maxillary 
buccal segments and additional detailing with wire 
bending in the finishing stage would have improved 
the final result.18 

 █ Fig. 20: 
An acceptable upper lip profile without TADs anchorage. 

 █ Fig. 21:
Anterior and posterior boundary of the whole arch 
distalization in the mandible. 



IJOI 40   iAOI CASE REPORT

77

Skeletal Class III Malocclusion with Canine Transposition and Facial Asymmetry    IJOI 40

6.	 Zachrisson	BU.	Important	aspects	of	long-term	stability.	J	Clin	
Orthod	1997;31(9):562-83.	

7.	 Huang	CC,	Chang	C,	Roberts	WE.	A	Severe	Skeletal	Class	III	
Open	Bite	Malocclusion	Treated	with	Non-surgical	Approach.	
International	 Journal	 of	 Orthodontics	 &	 Implantology	
2011;24:28-36.	

8.	 Prof f it 	 WR ,	 Fie lds	 HW,	 Sarver	 DM.	 Contemporary	
orthodontics,	4th	ed.	St.Louis:	Mosby;	2007.	p.	591-592.	

9.	 Chang	HP.	Components	of	Class	III	malocclusion	in	Chinese.	
Kaohsiung	J.	Med.	Sci	1985;1:144-155.	

10.	 Sarver	DM.	The	 importance	of	 incisor	positioning	 in	 the	
esthetic	smile:	the	smile	arc.	Am	J	Orthod	Dentofacial	Orthop	
2001;120(2):98-111.	

11.	 Ackerman	J,	Ackerman	MB,	Brensinger	CM,	Landis	 JR .	A	
morphometric	analysis	of	 the	posed	smile.	Clin	Orthod	Res	
1998;1:2-11.	

12.	 Handelman	CS.	The	anterior	alveolus:	its	importance	in	limiting	
orthodontic	treatment	and	its	 influence	on	the	occurrence	of	
iatrogenic	sequelae.	Angle	Orthod	1996;66(2):95-109.	

13.	 Kondo	E.	Nonsurgical	nonextraction	treatment	of	skeletal	Class	
III	open	bite:	Its	 long-term	stability.	Am	J	orthod	Dentofacial	
Orthop	2000;117:267-287.	

14.	 Kondo	 E.	 Nonsurgical	 and	 nonextraction	 treatment	 of	 a	
skeletal	Class	 III	patient	with	 severe	prognathic	mandible:	
long-term	stability.	World	J	Orthod	2001;2:115-126.	

15.	 van	Steenbergen	E,	Nanda	R.	Biomechanics	of	orthodontic	
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Conclusion 

Skeletal Class I I I  treatment with camouflage 
orthodontics presents significant clinical challenges. 
The treatment is further complicated with Asian 
patients who present with hereditary etiology 
and severe crowding. Orthopedic treatment with 
rapid maxillary expansion, a facemask or a chincap 
show varying degrees of success, due to different 
protocols and case selection.19, 20 With the help of 
self-ligating brackets, bite turbos, and a properly 
designed force system, clinicians can now deliver 
relatively efficient extraction treatment that achieves 
a satisfactory result. However, the progress of 
treatment should be carefully monitored to control 
potential complications. 
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DISCREPANCY INDEX WORKSHEET

(Rev. 9/22/08)

OVERJET

0 mm. (edge-to-edge) = 1 pt.
1 Ð 3 mm.  = 0 pts.
3.1 Ð 5 mm.  = 2 pts.
5.1 Ð 7 mm.  = 3 pts.
7.1 Ð 9 mm.  = 4 pts.
> 9 mm.  = 5 pts.

Negative OJ (x-bite) 1 pt. per mm. per tooth    = 

OVERBITE

0 Ð 3 mm.   = 0 pts.
3.1 Ð 5 mm.   = 2 pts.
5.1 Ð 7 mm.   = 3 pts.
Impinging (100%) = 5 pts. 

      

ANTERIOR OPEN BITE

0 mm. (edge-to-edge), 1 pt. per tooth          

then 1 pt. per additional full mm. per tooth 

LATERAL OPEN BITE

2 pts. per mm. per tooth 

CROWDING (only one arch)

1 Ð 3 mm.  = 1 pt.
3.1 Ð 5 mm.  = 2 pts.
5.1 Ð 7 mm.  = 4 pts.
> 7 mm.  = 7 pts.

    

OCCLUSION

Class I to end on = 0 pts.
End on Class II or III = 2 pts. per side         pts.

Full Class II or III = 4 pts. per side         pts.

Beyond Class II or III  = 1 pt.  per mm.        pts.
            additional

   

LINGUAL POSTERIOR X-BITE

1 pt. per tooth   Total   = 0

BUCCAL POSTERIOR X-BITE

2 pts. per tooth   Total   = 2

CEPHALOMETRICS      (See Instructions)

ANB  ≥  6¡  or   ≤  -2¡             =     4 pts.

SN-MP

       ≥  38¡              =     2 pts.

  Each degree  >  38¡ x 2 pts. =

       ≤  26¡              =     1 pt.  

  Each degree  <  26¡ 4 x 1 pt.  = 4

1 to MP  ≥  99¡             =     1 pt.  

  Each degree  >  99¡ 2 x 1 pt.  = 2

OTHER      (See Instructions) 

Supernumerary teeth       x 1 pt.  =      

Ankylosis of perm. teeth       x 2 pts. =      

Anomalous morphology       x 2 pts. =      

Impaction (except 3rd molars) x 2 pts. =

Midline discrepancy (≥3mm) @ 2 pts. =     

Missing teeth (except 3rd molars)      x 1 pts. =

Missing teeth, congenital       x 2 pts. =      

Spacing (4 or more, per arch)       x 2 pts. = 2

Spacing (Mx cent. diastema ≥ 2mm) @ 2 pts. = 2

Tooth transposition       x 2 pts. =      

Skeletal asymmetry (nonsurgical tx) @ 3 pts. =

Addl. treatment complexities       x 2 pts. =      

 

Identify: 

Total   = 1

Total   = 5

Total   = 0

Total   = 0

Total   = 5

  Total               = 0

   Each degree  >  6¡       x 1 pt.  =        

   Each degree  < -2¡       x 1 pt.  =        

  Total          = 8

CASE # 1    PATIENT      CHAO-YUEN CHIU    PATIENT      CHAO-YUEN CHIU    PATIENT      CHAO-YUEN CHIU 

TOTAL D.I. SCORETOTAL D.I. SCORETOTAL D.I. SCORE 25

  Total          = 4
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DISCREPANCY 

OVERJET

0 mm. (edge-to-edge) = 1 pt.
1 Ð 3 mm.  = 0 pts.
3.1 Ð 5 mm.  = 2 pts.
5.1 Ð 7 mm.  = 3 pts.
7.1 Ð 9 mm.  = 4 pts.
> 9 mm.  = 5 pts.

Negative OJ (x-bite) 1 pt. per mm. per tooth    = 

OVERBITE

0 Ð 3 mm.   = 0 pts.
3.1 Ð 5 mm.   = 2 pts.
5.1 Ð 7 mm.   = 3 pts.
Impinging (100%) = 5 pts. 

      

ANTERIOR OPEN BITE

0 mm. (edge-to-edge), 1 pt. per tooth          

then 1 pt. per additional full mm. per tooth 

LATERAL OPEN BITE

2 pts. per mm. per tooth 

CROWDING (only one arch)

1 Ð 3 mm.  = 1 pt.
3.1 Ð 5 mm.  = 2 pts.
5.1 Ð 7 mm.  = 4 pts.
> 7 mm.  = 7 pts.

    

OCCLUSION

Class I to end on = 0 pts.
End on Class II or III = 2 pts. per side         pts.

Full Class II or III = 4 pts. per side         pts.

Beyond Class II or III  = 1 pt.  per mm.        pts.
            additional

   

LINGUAL POSTERIOR X-BITE

1 pt. per tooth   Total   = 0

BUCCAL POSTERIOR X-BITE

2 pts. per tooth   Total   = 2

CEPHALOMETRICS      (See Instructions)

ANB  ≥  6¡  or   ≤  -2¡             =     4 pts.

SN-MP

       ≥  38¡              =     2 pts.

  Each degree  >  38¡ x 2 pts. =

       ≤  26¡              =     1 pt.  

  Each degree  <  26¡ 4 x 1 pt.  = 4

1 to MP  ≥  99¡             =     1 pt.  

  Each degree  >  99¡ 2 x 1 pt.  = 2

OTHER      (See Instructions) 

Supernumerary teeth       x 1 pt.  =      

Ankylosis of perm. teeth       x 2 pts. =      

Anomalous morphology       x 2 pts. =      

Impaction (except 3rd molars) x 2 pts. =

Midline discrepancy (≥3mm) @ 2 pts. =     

Missing teeth (except 3rd molars)      x 1 pts. =

Missing teeth, congenital       x 2 pts. =      

Spacing (4 or more, per arch)       x 2 pts. = 2

Spacing (Mx cent. diastema ≥ 2mm) @ 2 pts. = 2

Tooth transposition       x 2 pts. =      

Skeletal asymmetry (nonsurgical tx) @ 3 pts. =

Addl. treatment complexities       x 2 pts. =      
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Total   = 0
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  Total               = 0
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  Total          = 8
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Cast-Radiograph Evaluation 

 
INSTRUCTIONS:  Place score beside each deficient tooth and enter total score for each parameter 

 in the white box. Mark extracted teeth with ÒXÓ. Second molars should be in occlusion. 
 

    

 
 

 
ABO Cast-Radiograph Evaluation 
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Total C-R Eval Score: 
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1. Pink Esthetic Score

IBOI Pink & White Esthetic Score (Before Surgical Crown Lengthening)

Total Score: = 5

2. White Esthetic Score ( for Micro-esthetics )

!
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4

5 4
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5
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1. Mesial Papilla 0 1 2

2. Distal Papilla 0 1 2

3. Curvature of Gingival Margin 0 1 2

4. Level of Gingival Margin 0 1 2

5. Root Convexity ( Torque ) 0 1 2

6. Scar Formation 0 1 2

1. Midline 0 1 2

2. Incisor Curve 0 1 2

3. Axial Inclination (5°, 8°, 10°) 0 1 2

4. Contact Area (50%, 40%, 30%) 0 1 2

5. Tooth Proportion (1:0.8) 0 1 2

6. Tooth to Tooth Proportion 0 1 2

1. M & D Papilla 0 1 2

2. Keratinized Gingiva 0 1 2

3. Curvature of Gingival Margin 0 1 2

4. Level of Gingival Margin 0 1 2

5. Root Convexity ( Torque ) 0 1 2

6. Scar Formation 0 1 2

1. Midline 0 1 2

2. Incisor Curve 0 1 2

3. Axial Inclination (5°, 8°, 10°) 0 1 2

4. Contact Area (50%, 40%, 30%) 0 1 2

5. Tooth Proportion (1:0.8) 0 1 2

6. Tooth to Tooth Proportion 0 1 2

Total = 2

Total = 3
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Introduction

Impaction risk is greatest for mandibular and 
maxillary third molars, followed by maxillary canines 
and mandibular second molars.1 Depending on the 
sample, the prevalence of impacted second molars 
is up to 2.3%.2,3 The etiology of impaction may be 
ectopic position of the third molar, obstacles in the 
eruption path, and failure of the tooth eruption 
mechanism.4 This case report demonstrates simple 
mechanics for managing horizontally impacted 
second molars in ~4 months. Detailed, step by step 
procedures are reported.

Case Report

A 27-year-old male presented with bilaterally deeply 
impacted lower second molars, and a mesially 
tipped lower left third molar. The other third molars 
were impacted (Fig. 1).

Simple Mechanics to Upright Horizontally 
Impacted Molars with Ramus Screws

Abstract 
Simplified mechanics are reported for uprighting horizontally impacted mandibular molars with ramus bone screws. A 27-year-old 
male presented with a chief complaint of food impaction and problematic occlusion of his posterior teeth. The panoramic radiograph 
revealed multiple impacted molars: both upper third molars, and all lower second and third molars. Orthodontic treatment was 
indicated to improve occlusal function by aligning the posterior segments. The treatment plan was to extract the upper second 
molars and lower third molars, then upright the lower second molars, and allow the upper third molars to spontaneously erupt. The 
deeply impacted lower second molars were uprighted in only ~4 months with superiorly positioned ramus bone screws. (Int J Orthod 
Implantol;40:xx-xx)

Key words:
Horizontally impacted second molars, molar uprighting, ramus bone screws

Treatment Plan Options

Upper Arch

1. No treatment is not a viable option because it 
fails to address the functional problems, and 
the impacted third molars may result in root 
resorption of the adjacent second molars, as 
well as cyst formation and/or referred pain.5

2. Extract the impacted third molars and align 
the second molars. It may be difficult to extract 
the third molars without damaging the second 
molars. Furthermore the extraction site may 
heal with a soft tissue defect on the distal of the 
second molars.

3. Remove the second molars and allow for 
spontaneous eruption of the third molars. After 
spontaneous eruption of the thirds molars, the 
buccal segments can be aligned with fixed 
appliances. Extraction of the erupted second 

Dr. Shih-Yung Lin,
IBOI Diplomate (Left) 

Dr. Chris Chang, 
Founder, Beethoven Orthodontic Center

Publisher, International Journal of Orthodontics& Implantology (middle)

W. Eugene Roberts,
Consultant, International Journal of Orthodontics & Implantology (right)
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 █ Fig. 1: Pre-treatment panoramic radiograph (above) and occlusal intra-oral photographs (below) document the malocclusion. 

molars presents less surgical risk than removing 
the impacted third molars. 

Lower Arch

1. Remove all second and third molars, place 
a subperiosteal membrane for guided bone 
regeneration, and place implants to restore the 
second molars. The major concern with this 
option is the possibility of the inferior alveolar 

Dr. Shih-Yung Lin,
IBOI Diplomate (Left) 

Dr. Chris Chang, 
Founder, Beethoven Orthodontic Center

Publisher, International Journal of Orthodontics& Implantology (middle)

W. Eugene Roberts,
Consultant, International Journal of Orthodontics & Implantology (right)

nerve injury during the extraction process, and 
healing of the surgical site is unpredictable.

2. Remove the impacted third molars, and then 
upright the second molars with elastic chains 
anchored by bone screws placed in the ramus, 
bilaterally.

After careful discussion of the options with the 
patient, the decision was made to extract the upper 
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junction (CEJ) with a high-speed handpiece, The 
second molars were surgically luxated to rule out 
ankylosis. A button was bonded on the distal surface 
of the lower right second molar, and an eyelet was 
bonded on the left second molar (Fig. 4).

Elastic chains, anchored by the bone screws, were 
activated by connecting the opposite end of chain 
to the attachments bonded on the second molars 
(Fig. 5). A resin ball was applied to the bone screw 
head to prevent the elastic chains from being 
displaced (Fig. 4). To control bleeding, the soft tissue 
wound was closed with interrupted sutures which 
were removed after one week. Four months later 
the second molars were uprighted successfully and 
routine brackets were bonded on the buccal surface 
at five months into treatment (Fig. 5).

second molars and the lower third molars (Fig. 

2), and place bilateral ramus bone screws (Fig. 3). 
Attachments were bonded on the distal surface of 
each second molar (Fig. 4).

Surgical Procedures

Under local anesthesia, bone screws (2x14mm 

stainless steel) were inserted in the ramus of the 
mandible bilaterally (Fig. 4). Then, the upper second 
and lower third molars were extracted, followed 
by surgical exposure of the lower second molars. 
An explorer was used to locate the crowns of 
impactions. Teeth are smooth and hard, while bone 
is crunchy and irregular. 

Bone superior to the lower second molar crowns was 
removed down to the level of the cementoenamel 

 █ Fig. 2: 
The treatment plan was to extract the molars marked with an X, upright the lower second molars, and allow the upper third 
molars to erupt. 
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Discussion

Deciding between extraction or uprighting for 
impacted teeth is a critical aspect of treatment 
planning. Factors affecting the decision are 
severity of the impaction, its position relative to 
critical anatomical structures (inferior alveolar nerve 

and lingual artery etc.), pre-existing conditions of 
impacted teeth (caries, root dilaceration, periodontal 

health etc.), and difficulty of the extraction surgery (Fig. 

6). If orthodontics is indicated, an efficient mechanics 
plan is required.

Many methods of uprighting molars have been 
proposed in the literature.6 The mechanical design 
presented here is simple, effective and expedient. 
There are two essential tips to ensure routine 
success with the proposed method.

Tips 1. Remove all obstructions to eruption, such 
as ectopic position of the dental follicle, teeth or 
pathology in the path of eruption, and failure of the 
tooth eruption mechanism.7 For the present patient, 
the suspected etiology involves the following (Fig. 6):

a. impacted third molar putting pressure on the 
second molar

b. thick cortical bone blocking the eruption of the 
second molar

c. ankylosis of the second molar, and/or

d. ectopic eruption of the second molar to engage 
the undercut on the distal of the first molar.

For predictable uprighting and alignment of the 
second molars, all of the potential etiologic factors 

 █ Fig. 3: 
Under local anesthesia, the insertion site on the left ramus is 
marked with an explorer by penetrating the soft tissue to the 
bone. 

 █ Fig. 4:
The right and left ramus areas are shown in segments of 
a postoperative panoramic film taken immediately after 
surgery. A button was bonded on the right side and an 
eyelet was used on the left side. 

Left Right
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 █ Fig. 5: 
On the left, a series of panoramic films document tooth positions immediately after surgery (0m), then at 1 (1m), 2 (2m), 4 (4m) 
and 5 months (5m) later. Corresponding drawings documenting the mechanics are shown on the right. 

0M 0M

1M 1M

2M 2M

4M 4M

5M 5M
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were addressed by extracting the third molars and 
gently luxating the second molars (Fig. 7).

Tips 2.  Design an eff icient force system for 
uprighting the impacted teeth.8,9 Uprighting a deep 
horizontal impaction requires occlusal and distal 
components of force to unlock the impaction from 
its position against the first molar root. It is wise to 
avoid bonding a bracket on the first molar until the 
second molar is at least partially uprighted. This 
will allow the first molar to move out of the way to 
help avoid root resorption. Miniscrews can provide 
favorable anchorage without side effects on the 
dentition. The dense cortical bone in the ramus is a 
good site to insert the screw (Fig. 7).

Furthermore, there are several considerations 
in selecting bonding devices and bonding sites. 
The most popular bondable attachments for 
uprighting molars are buttons or eyelets (Fig. 8). 

An eyelet is more versatile, but it more difficult to 
use, compared to a button. In deciding between 
the two options, the first concern is the line of 
force. Buttons are well designed for horizontal 
traction (Fig. 8), but elastic chains are more easily 

 █ Fig. 7: 
a.  After extraction of the lower third molar (blue), the 

covering bone (red) was removed with a high-speed 
handpiece. 

b.  The ramus screw was inserted into the ascending 
ramus, and an elastic (power) chain with a line of force 
occlusal to the center of resistance was used to upright 
the horizontally impacted second molar. 

Notice that the adjacent first molar was not bonded and 
remained “free” until the impacted second was uprighted. 

a

b

 █ Fig. 6: 
The etiology for an impacted second molar may be a 
superiorly positioned third molar (blue), dense bone 
blocking eruption (red), ankylosis of the second molar 
(yellow), and the undercut of the adjacent first molar (green). 
The inferior alveolar canal (pink) is very close to the root of 
the impacted second molar. 
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more convenient if the elastic must be changed 
(Table 1). If the attachment is bonded on the surface 
of the erupted tooth, and the angle of traction is 
appropriate (Fig. 9), a button may be the preferred 
choice. However, if the attachment is bonded on the 
surface of an unerupted tooth, an eyelet is preferable 
because there is less chance that the elastic chain will 
come loose. Flowable resin can be polymerized to 
secure the elastic chain on either type of attachment. 

 █ Fig. 9: 

Safe angle: when the elastic chains are attached at an obtuse 
angle there is a low probability that they will be 
displaced from the button. 

Non-safe angle: when elastic chains are attached with an 
acute angle, there is a high probability that 
they will slip off the button during normal 
occlusal function. 

 █ Fig. 8: 
Bondable button (above) and eyelet (below) attachments 
are fitted with elastic chains. 

██ Table 1: Bondable attachments, buttons and eyelets, are 
 compared relative to clinical efficiency. 

Button Eyelet

Traction 
direction 

Parallel / Slightly 
angular Any direction 

Replacing 
elastic 

Simple and easy  More complex 

Method of 
operation 

Difficult  Easy 

a

b

displaced as the direction of traction assumes a 
more vertical orientation. The second consideration 
is the convenience of placing and replacing the 
elastic chains. An eyelet is easily bonded on a 
tooth with the elastic attached, but a button is 
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An additional determinant is the convenience when 
holding the device with a hemostat or pliers. A button 
has a smooth, rounded head so it is more difficult to 
hold. The flat surfaces of an eyelet are more amenable 
to holding the button for bonding or any other 
manipulation (Fig. 10).

 █ Fig. 10: 
A button with an elastic chain attached (left) is difficult to 
hold securely. In contrast, the flat surfaces of an eyelet 
facilitate securely holding it with a hemostat. 

Why Ramus Screws?

An efficient, yet simple mechanism is required 
to upright deeply impacted or mesially tipped 
molars. Lin6 reviewed six different methods of molar 
uprighting, and concluded that surgical exposure 
of the deeply impacted molars, followed by traction 
with elastic chains anchored by ramus screws, was 
the most efficient. The bone screw recommended 
is the same one developed for extra-alveolar 
anchorage in the maxilla and mandible (Fig. 11).

Why use 2 x 14 mm screws?

Previous studies have demonstrated that 2x12 
mm extra-alveolar screws are appropriate for the 
mandibular buccal shelf area, because the soft tissue 
thickness is only about 1-3 mm.10,11 A 2x12 mm screw 
can usually provide adequate stability and soft tissue 
clearance when it is inserted in bone about 5 mm. A 

 █ Fig. 11: A 2x14-mm stainless steel bone screw is designed to be inserted in the ramus as a self-drilling fixture. 
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ramus screw must penetrate thick movable mucosa, 
as well as the inferior fibers of the temporalis muscle, 
so the 2x14 mm screw may be needed to provide 
adequate osseous stability and soft tissue clearance.

Controlling soft tissue inflammation in the anterior 
ramus area can be a challenge, and it can lead to 
screw failure. However, a preliminary study found 
a failure rate of only 5% for ramus screws, which 
is lower than for mandibular buccal shelf screws 
(7.2%).10,11 Therefore this simple mechanics design is 
highly recommend to upright impacted second and 
third molars.

Summary

Six impacted molars considerably compromised 
the occlusal function of a 27yr male. Upper second 
molars and lower third molars were extracted, 
bilaterally. Each horizontally impacted second molar 
was uprighted with a chain of elastics, attached to 
the distal surface of the tooth and anchored with a 
ramus bone screw. 
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In Memoriam: 
Charles J. Burstone (1928-2015) 

Burstone Biomechanics:  a Living Legacy

Charles Justin Burstone (CJB) is best known for his 
tenure at the University of Connecticut (UCONN), 

but the epicenter for biomechanics was at Indiana 
University (IU). CJB contributed substantially to the 
expression of his passion, and to the subsequent 
development of the bioengineering group at Indiana 
University and Purdue University at Indianapolis 
(IUPUI). Charlie’s contributions to orthodontics were 
profound, and in addition he had broad interests in 
photography, art and music. He was particularly fond 
of Wagner’s operas. 

Family Background: CJB was born April 4, 1928 
(reportedly in Kansas City) to an Eastern European, 
immigrant family living in Clayton Township, St. 
Louis, MO. Dr. Lester Burstone was a Russian dentist, 
who immigrated from Poland in 1920. He married 
Rose, an immigrant from Ukraine, who was 13 
years his junior. CJB had one older brother, and 
the family lived over the father’s dental office at 
6369 Clayton Rd. (This is <4 miles from the site Angle’s 

First Orthodontia Course in the Olivia Building.) The 
senior Dr. Burstone died of an acute MI at the age 
of 74, but CJB’s mother lived to 92. According to 
CJB, she never understood why “he did not have a 

dental office like his father.” However, like his father, 
Charlie died of a massive MI, but not until the 
age 86. The timing of his death fits the online life 
expectancy for the Burstone name (86.3yr). Charlie 
would have appreciated that, because he was highly 
accomplished in statistics, a skill he learned on his 
own from an IU medical school statistician. 

Marvin S. Burstone: CJB’s older bother was born in 

1922, and graduated with a DDS from Washington 
University, St. Louis (Wash U) in 1946. He specialized 
in Oral Pathology, and was subsequently appointed 
to the National Institute of Dental Research (NIDR). 
Marvin was a brilliant young scientist; he developed 
the azo-dye coupling reaction for localizing enzymes 
in histological sections (histochemistry). This is the 
method for in situ detection of alkaline and acid 
phosphatase in bone sections, in addition to many 
other applications in dentistry and medicine. Charlie 
took great pride in the scientific accomplishments 
of his “famous” brother, who died prematurely at the 
age of 43. 

Korea: After earning a DDS in 1950 from Wash U, CJB 
practiced with his father for a short time, and then 
entered the US Air Force (1951-53). Deployment to 
Korea exposed another facet of his unique persona: 
photo-journalism. Charlie recorded the challenging 
wartime culture for average Koreans, with both 
photographs and movies. These historic documents 
were requested by the Korean government in 2011, 
to be archived the National Folk Museum. CJB was 
devoted to Korea and it is fitting that his last lecture 
was delivered in Seoul, shortly before his death. 
Charlie died doing what he loved! 

The Indiana Years: In 1953, CJB entered the IU 
Orthodontics Program, chaired by J. William Adams, 
a former student of Alan Brodie, and a strong Tweed 
advocate. John Lindquist (subsequently AAO President 

and ABO Director) was the other full-time instructor. 
John was Charlie’s research mentor, and remembers 
him as by far the smartest student in the program: 
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W. Eugene Roberts,
Consultant,

International Journal of Orthodontics & Implantology

“He not only mastered orthodontics and cephalometrics 

research, but became prof icient in statistics and 

mechanical engineering.” Other famed clinicians also 
contributed: Morris Stoner, Rolenzo Haynes, and 
Hudson Kelley. When CJB graduated in 1955, Tweed 
Philosophy was his clinical foundation, and soft 
tissue cephalometrics was his Master of Science 
(MS) thesis, entitled: The Integumental Profile. Below 
is a 1980 photograph of many of the Indianapolis 
orthodontists who were instructors or classmates 
of CJB. The photo was taken by John Lindquist at a 
birthday party for Dr. J. Willams Adams. 

Indiana University orthodontists of the Burstone Era, 
clockwise from the left: Drs. Morris Stoner, Frank Hapak, 
Jack Vorhies, Jim Baldwin, J. William Adams (Dept. Chair), 
and Hudson Kelley. CJB practiced orthodontics in Dr. 
Kelley’s office. 

Dr.  James Baldwin was a former West Point 
Cadet with an MS in Physics from Yale. He was a 
classmate of CJB, in the following IU class (1956). 
Jim provided the spark for Charlie’s career interest 

in biomechanics: applying statics and equilibrium 

to orthodontics . They traveled to Purdue-West 
Lafayette to discuss the new concepts with the 
mechanical engineering faculty. Their historic 
presentation on “biomechanics” was at the 1960 
meeting of the Midwest Component of the Angle 
Society (Chicago). After that, Jim and Charlie’s paths 
in biomechanics diverged. Jim was content to 
apply the principles to continuous arch therapy, but 
Charlie focused on arch segments, and determinate 

mechanics. CJB’s Segmented Arch Technique was 
published in a classic Angle Orthodontist article in 
1966. He moved on to UCONN in 1970, but retained 
a strong commitment to Indiana.

The Roberts Connection

Dr. W. Eugene Roberts (WER) expected to study with 
Dr. Burstone at Indiana University, but while WER was 
in military service, CJB moved to UCONN to form a new 
biomechanics-oriented program in conjunction with 
Dr. Sam Weinstein. That was a wonderful opportunity 
for WER to blend training in bone physiology, under 
Harold Frost and Web Jee, with the biomechanics of 
Burstone and Weinstein. As a graduate student, WER 
was amazed with the depth of Dr. Burstone’s intellect. 
He was brilliant, but they did not always agree in 
biomechanics because CJB was a physicist and WER 
was a biologist (bone physiologist). They had many 
interesting discussions over the years. WER quickly 
came to appreciate Dr. Burstone’s almost religious 
fervor for biomechanics, and attempted to pass on that 
enthusiasm to his students. In addition to a number 
of students WER trained during a 1974-88 tenure at 
the University of the Pacific (UOP), there were 11 PhD-
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Orthodontics students trained at Indiana University 
(IU) from 1988-2008. All of the latter group of students 
completed a PhD at IU, but a couple of them studied 
orthodontics elsewhere. 

As we approach the 2015 Burstone Biomechanics 
Symposium, October 22-24, in Indianapolis, WER 
is currently working with two former students (Dr. 

Burstone’s Grand-Students), Chris Chang and Rodrigo 
Viecilli, on a special application of engineering 
technology (finite element analysis) to a study of skeletal 
Class III correction. In addition to PhD-Orthodontics 
training, Chris and Rodrigo have training in surgery 
and engineering, respectively. Collectively, they have 
helped propel Dr. Burstone’s concepts of determinant 
mechanics, for explaining the retraction and distal 
rotation of the lower arch to correct skeletal Class III 
malocclusion.  

The Continuing Influence of
 Dr.

 
Burstone

After graduating from UCONN in 1974, Dr. Burstone 
and WER had limited interaction, but CJB was always 

prepared to guide the careers of his former students. 
Charlie’s telephone calls were never for small talk, he 
usually had an opportunity available! Sometimes the 
conversations were a bit cryptic, because he did not 
want to appear overbearing, but his guidance was 
usually pretty clear. In late 1987, CJB announced that 
the Chair was open at IU, and that would be a great 
opportunity for WER to have increased interaction in 
engineering. The move from San Francisco was a bit 
challenging, but indeed IU was just as Charlie predicted. 
It opened a range of new opportunities to expand the 
science of orthodontics. 

In 2004, Dr. Burstone called WER to tell him about a 
student he found in Brazil (Rodrigo Viecilli), and sight 
unseen he should admitted to the IU PhD/Orthodontics 
Program. The instructions were followed and WER was 
rewarded with an outstanding addition to orthodontic 
biomechanics community. Rodrigo is now at Loma 
Linda University and he is working closely with Chris 
Chang and WER in defining clinical mechanics. All of this 
is a continuing legacy of Dr. Charles Burstone. 

In 2006, Dr. Burstone called to discuss doing “something 
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all fixed appliance systems: lingual arch, transpalatal 
arch, intrusive base arch, T-loops, auxiliary segments 

etc. The bottom-line was he preferred statically 
determinate systems: “the orthodontist and not the 
wire should do the thinking.” Since much of modern 
orthodontics emanated with Edward Angle in St. 
Louis, it is interesting that Dr. Burstone was raised 
within 4 miles of the original Angle school. Building 
on the mechanical intuition of Edward Angle, 

Charles Burstone provided a scientific rationale for 
the biomechanics of our specialty. A quote from 
his classmate Jim Baldwin was quite telling: “I can’t 

believe he died. He was younger than me. I thought he 

would go on forever. I guess life is a finite element.”  

Epilogue

It is unfortunate that Dr. Burstone is no longer 
with us to enjoy the progression of the innovative 
biomechanics of orthodontics and dentofacial 
orthopedics. The extra-alveolar (E-A) anchorage 
concepts ,  developed by Dr .  Chang and his 
colleagues in Taiwan, are a prominent example 
of the expanding capacity to treat complex 
malocclusions conservatively. Indeed, the Burstone 
Biomechanics Legacy marches on! 

Respectfully submitted,

W. Eugene (Gene) Roberts, DDS, PhD
Professor Emeritus of Orthodontics
Adj. Professor Mechanical Engineering
Indiana University & Purdue University
Indianapolis, IN 46236
werobert@iu.edu 

significant for biomechanics at IU.” After some discussion, 
he personally endowed, at the level of $500,000, the 

Burstone Biomechanics Symposium that will meet 
every two years at IU, forever! This will be a lively forum 
for the legacy of Dr. Burstone, indefinitely. 

Chang-Burstone Art Connection

Dr. Burstone had many occasions to interaction with 
his Grand-Student Chris Chang. A notable occasion 
was the 2009 AAO Meeting in Boston, when Chris's 
wife Shufen photographed three generations of 
Burstone era orthodontists: Chris Chang, Charles 
Burstone, Gene Roberts and Jim Baldwin. Dr. 
Burstone and Dr. Baldwin were classmates who 
developed the concepts of biomechanics at IU in 
the 1950s. Dr. Burstone trained Dr. Roberts, and he 
in turn trained Chris Chang. 
Chris was so impressed with 
t h e  p h o t o g r a p h  t h a t  h e 
had it painted in oil, and the 
original is on display in the 
IU Orthodontics Department. 
A  c o p y  o f  t h e  p a i n t i n g 
subsequently appeared on the 
cover of News and Trends in 
Orthodontics in January, 2011. 

After the sudden death of Dr. Burstone in February, 
a special memoriam was planned for October 22, 
2015, in Indianapolis, immediately prior to the 
Burstone Biomechanics Symposium. Chris Chang, 
the “Renaissance Man of IU Orthodontics,” prepared 
a sculpture of Dr. Burstone to be cast in bronze. 
Miniature busts will be presented to the speakers 
and former students returning for the Burstone 
Memoriam October 22. 

Conclusion

Dr. Charles Burstone introduced many advanced 
biomechanics concepts that are applicable to almost 















2015 USC Comprehensive surgical  and 
restorative implant training program in Taiwan. 
Participants took photo with course director, 
Dr. Homa Zadeh (Center right) and Dr. Chris 
Chang (Center left).
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