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Temporary skeletal anchorage device (TSAD) insertion sites are generally categorized into two locations: 
inter-radicular (I-R) and extra-alveolar (E-A). I-R TSADs are typically placed within the alveolar process 

between tooth roots, E-A TSADs are installed away from the root structures. !e extra-alveolar area 
o"ers broader and more abundant bone, allowing for the placement of thicker screws (2 mm in 

diameter), thus reducing the risk of screw fracture and enhancing stability for e"ective anchorage.
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An impacted UL3 was recovered with the VISTA technique. A 1.5x8-mm OrthoBoneScrewAn impacted UL3 was recovered with the VISTA technique. A 1.5x8-mm OrthoBoneScrew®® was inserted  was inserted 
interdentally between the roots of UL1 and UL2, with an elastic chain stretched from from the impacted UL3 and interdentally between the roots of UL1 and UL2, with an elastic chain stretched from from the impacted UL3 and 
attached to the bone screw to apply traction to move the impacted tooth anteriorly (upper figures). After around attached to the bone screw to apply traction to move the impacted tooth anteriorly (upper figures). After around 

one month, the impacted UL3 was uprighted. Reactivation is accomplished by engaging the second loop in the one month, the impacted UL3 was uprighted. Reactivation is accomplished by engaging the second loop in the 
chain and trimming the disengaged loop with surgical scissors (lower figures).chain and trimming the disengaged loop with surgical scissors (lower figures).
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Reflections on Visiting Machu Picchu, Peru 

This year in February, I was invited to give an orthodontic lecture for a day in Lima, Peru. Having concluded 
the lecture, I visited Machu Picchu, arguably the most famous ancient Inca icon in Peru. Even though it lies only 
230 km away from Cusco, it was in fact a full-day venture, taking us from 4:00am until 10:00pm. However, despite 
the amount of time required, we actually only spent just over an hour exploring it. Furthermore, as a cultural 
heritage site, there are no restroom facilities inside, and visitors must pay one US dollar to use the restroom 
before entering.

If someone asked me whether Machu Picchu was worth visiting or not, my answer would be that yes, it is 
certainly worth visiting, but it’s not worth enduring such an arduous ordeal. My wife questioned that if that 
were the case, why would so many people find this mysterious place worth visiting? My response is that it is a 
lost city from five hundred years ago and was discovered completely intact and with no existing records since 
the Inca Empire had not established a writing system. It's hard for me to imagine an Empire without a writing 
system since over a thousand years ago, China had already produced written Tang poems and Song lyrics. 
When Machu Picchu is referred to as a cultural heritage site, I'm inclined to view it as a relic of human preliterate 
society, given the absence of written records and relying solely on oral legends for understanding and insight. 
This reiterates why I feel so strongly that culture and human achievements must be well-documented.

Twenty-eight years ago, upon returning to Taiwan to start my practice and career, I set myself the goal of 
leaving a positive and meaningful dent in the field of orthodontics, which has ultimately transpired into 
documenting how I practice orthodontics. Over the course of the last 28 years, orthodontic technology has 
matured to a relatively advanced stage. I believe now is the time to publish extensively on how orthodontics is 
being practiced. Therefore, I encourage all the young doctors in our clinic to pursue publishing articles as a routine 
task, since only by documenting how problems are solved can a mark be left in the history of orthodontics. 

"Putting a dent in the orthodontic world" is the ultimate goal of my practice because a human life is 
nothing but a brief sojourn in history, but through written records, eternity can be created. We cannot allow 
orthodontics to be a second Machu Picchu, with no written records and only speculative guesswork derived 
from oral legends. Orthodontics is not about legends; it is a science. Human progress is achieved through 
continuous and consistent documentation enabling us to move forward step by step along our path to glory.

I hope this can inspire you to help in enlarging the dent in orthodontics by documenting as much of your 
personal orthodontic experience as possible.
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Introduction 

Orthodontic bone screws, also known as temporary 
skeletal anchorage devices ( TSADs), have 
significantly expanded the possibil ities in 
or thodontic treatment. However, l ike any 
orthodontic intervention, complications can arise. 
This article examines three common complications 
associated with TSADs: soft tissue damage, hard 
tissue damage, and screw fracture. We explore the 
causes, management strategies, and preventive 
measures for each of these issues.

1. Soft Tissue Damage 

Causes: 

Soft tissue injuries frequently occur in the use of 
temporary skeletal anchorage devices (TSADs). The 
risk of soft tissue injury during installation often 
arises when clinicians encounter difficulties with 
screw placement, potentially leading to unintended 
slips in the positioning stage.1 

Likewise, the angle and location at which TSADs are 
inserted play a crucial role in influencing the soft 
tissue response. Improper placement can result in 
excessive soft tissue hypertrophy, inflammation, or 
peri-implantitis. There has been an ongoing debate 
regarding the advantages and disadvantages of 
screw placement through movable mucosa (MM) 
versus attached gingiva (AG). Generally, it is 
recommended to position the screw within the area 

of keratinized gingiva due to its potential to reduce 
irritation and enhance resistance to inflammation, 
thereby decreasing screw failure rate.2,3 

However, it is worth noting that Chang et al.4 did 
not observe significant differences between MM 
and AG placements. Placing the screw head in an 
upright and elevated position about 5 mm away 
from MM can also effectively maintain screw 
stability with good oral hygiene practices, thereby 
minimizing the risk of peri-inflammation (Fig. 1).

Oral hygiene plays a vital role in bone screw stability, 
with patients demonstrating better oral hygiene 
exhibiting a higher success rate compared to those 
with poor oral hygiene.5 Unsatisfactory oral hygiene 
can result in soft tissue overgrowth around the TSADs 
and increase the risk of peri-implantitis, a 
polymicrobial disease driven by plaque accumulation. 
Poor oral hygiene may consequently decrease screw 
maintenance and lead to screw failure.5,6 Therefore, 
patient compliance and postoperative care are 
closely correlated to screw stability.

Management and Prevention: 

Excessive soft tissue growth covering TSADs is best 
corrected with electrosurgery or diode lasers, to 
meticulously remove the surplus tissue so the screw 
can be accessed clinically. In the case of severe 
inflammation, antibiotics may be necessary. In certain 
situations, relocating the TSADs to a more suitable 

4
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position may be necessary to prevent further soft 
tissue overgrowth and other complications.

To prevent slippage during insertion, especially in 
the maxilla, it is suggested to insert the TSADs with 
the following procedures (refer to video 
demonstration on YouTube: How to prevent screw 
fracture |【Chris Chang Ortho】CC657):

1. Begin with local anesthesia administration to 
ensure patient comfort.

2. Retract the mucosa gently to achieve a taut 
and level surface.

◼Fig. 1:  
Placing the screw head in an upright and elevated position (about 5 mm away from the gingiva) within the MM or MG location can 
effectively maintain screw stability by facilitating good oral hygiene practices, thereby minimizing the risk of peri-inflammation.

3. Employ a cotton roll to cleanse and dry the 
surface thoroughly, providing a clear field of 
vision.

4. Utilize a dental explorer to create a small 
indentation at the preferred insertion location.

5. Start inserting the TSAD at a modest, near-
perpendicular angle to the bone. Once it 
engages with the cortical bone (approximately 
2 mm deep), gradually alter the direction to 
minimize any impact on nearby roots.

Assuming adequate soft tissue clearance 
(approximately 5 mm) for better hygiene control, 
screws can be positioned in MM or AG.4 It is 
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imperative to advise patients on the importance of 
maintaining optimal oral hygiene practices to 
enhance TSAD stability.

2. Hard Tissue Damage 

Causes: 

The precise positioning of TSADs can sometimes 
lead to inadvertent contact with tooth roots, 

posing a risk of root resorption. Vigilance in 
preventing root damage is of utmost importance in 
orthodontic practices. TSAD insertion sites are 
generally categorized into two locations: inter-
radicular (I-R) and extra-alveolar (E-A). I-R TSADs are 
typically placed within the alveolar process between 
tooth roots, a common clinical choice (Fig. 2). 
However, when TSADs are situated in the path of 
root movement, they may interfere and potentially 
damage the periodontal ligament or induce root 

◼Fig. 2: 
TSAD insertion sites are generally categorized into two locations: Inter-radicular (I-R) and Extra-alveolar (E-A). I-R TSADs are typically 
placed within the alveolar process between tooth roots, E-A TSADs are installed away from the root structures. Both the mandibular 
buccal shelf (MBS) and infra-zygomatic crest (IZC) have become well-established E-A sites for TSADs insertion. These locations offer 
broader and more abundant bone, allowing for the placement of thicker screws (2 mm in diameter), thus reducing the risk of screw 
fracture and enhancing stability for effective anchorage.

6
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resorption. Research has indicated that root 
resorption may be stimulated when the mini-
implant is positioned less than 0.6 mm to the root.7

Management and Prevention: 

Upon detecting hard tissue damage, such as root 
resorption, it is advisable to promptly remove the 
bone screw and explore alternative placement 
locations. To reduce the risk of interference-related 

problems or to facilitate relocation, E-A bone screws 
have emerged as an attractive option. Unlike I-R 
TSADs, which are inserted between roots, E-A 
screws are installed away from the root structures. 
Both the mandibular buccal shelf (MBS) and the 
infra-zygomatic crest (IZC) have become well-
established E-A sites for TSADs insertion. These 
locations offer broader and more abundant bone, 
allowing for the placement of thicker screws (2 mm 
in diameter), thus reducing the risk of screw fracture 
and enhancing anchorage (Fig. 2).8,9 Furthermore, E-
A TSADs anchorage helps circumvent interference 
with the path of tooth movement, minimizing the 
risk of dental hard tissue damage.

Orthodontists should carefully assess the angle and 
location for TSADs installation to minimize the risk of 
damaging adjacent hard tissue structures. Given 
that E-A TSADs are designed to minimize damage to 
the periodontal ligament and root structures, careful 
consideration of screw insertion orientation is 
essential throughout the orthodontic process. The 
optimal angle for an IZC bone screw is 
approximately 60 degrees below a perpendicular 

◼Fig. 3: 
Illustrations by Dr. Runsi Thavarungkul of a 2x12-mm miniscrew inserted into the IZC as skeletal anchorage. (A) Initial insertion of the 
tip is perpendicular to the bone surface. (B) After the screw tip has engaged, (C) continue inserting whilst gradually changing the 
angle to 60-70 degrees so the screw can engage in the thicker bone away from the roots. 

(A) (B) (C)

◼Fig. 4: 
Interference between the bracket and the screw occurred 
when the screw was placed too close to the dental arch.

7
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line along the long axis of the first molar root (Fig. 
3).10 Complications arise when a MBS screw is 
positioned too closely to the molars. While placing 
the screw closer to the dental arch may offer 
distalization forces with a reduced horizontal 
component, there is a risk of interference between 
brackets and the screw during posterior movement 
(Fig. 4). If such interference occurs, placing another 
screw may be necessary, which subjects the patient 
to additional surgery. However, this can be avoided 
by positioning the MBS bone screw approximately 5 
mm lateral to the interproximal area between the 
lower first and second molars.

3. Screw Fracture 

Causes: 

Screw fracture is a critical risk that neither the 
patients nor the clinicians want to encounter. It was 
reported that maximum cross-sectional  stress often 
occurred at the cervical or apical part of the screw 
as it penetrates cortical bone. Fracture often 
occurred at this point.11 Screw fracture may occur 
during both insertion and removal, and excessive 
insertion torque during TSAD placement or removal 
was documented to be closely related to screw 
fractures.1,12 Different designs and internal diameter 
may also affect the possibility of such incidence. 
Furthermore, drastic angle changes during TSAD 
insertion may bring the screw under the impact of 
excessive torsional forces. Bone thickness and 
insertion site are also factors that cause screw 
breakage. Insertion in the mandible appeared to 
have higher rate of screw fracture since the bone is 
thicker than in the maxilla.13 Therefore, clinicians’ 

experiences play a vital role in controlling and 
avoiding such issues.

Management and Prevention: 

(a) Surgical Removal 

In cases of screw fracture, surgical removal is often 
necessary to prevent further complications. Surgical 
procedure details are as follows: 

1. Identification: Accurate identification of the 
fracture's extent and location is paramount. This 
i n v o l v e s a m e t i c u l o u s e x a m i n a t i o n , 
complemented by radiographs. This step 
ensures a comprehensive understanding of the 
fracture's scope and aids in planning the 
removal procedure effectively. 

2. Anesthesia for patient comfort: To ensure the 
utmost comfort for the patient during the 
procedure, it is imperative to administer 
adequate anesthesia. This not only minimizes 
discomfort but also allows for a smoother and 
more controlled operation. 

3. Vertical or flap incision: A vertical or flap 
incision is strategically made at the site of the 
fracture. This incision provides access to the 
fractured miniscrew and facilitates its safe 
removal. Careful planning of the incision site is 
crucial for minimizing tissue trauma and 
enhancing the healing process. 

4. Fragment exposure and bone removal: To 
expose the fractured miniscrew fragments fully, 
the surrounding bone is delicately removed. This 

8
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step extends access to the fracture tip for better 
grasp. It is imperative to exercise caution during 
bone removal to avoid any damage to nearby 
dental roots, ensuring the preservation of overall 
dental health. 

5. Utilizing Weingart plier for removal: A 
specialized instrument, such as a Weingart plier, is 
employed to grasp and securely hold the 
exposed fragment. With precision, the broken tip 
is gently unscrewed and removed. This step 
requires a steady hand and a cautious approach 
to ensure complete removal of the fractured 
miniscrew while safeguarding adjacent structures.

By following these surgical steps, orthodontists can 
effectively address miniscrew fractures, while 
ensuring patient comfort and minimal impact on 
surrounding dental structures. This meticulous 
approach not only resolves complications but also 
promotes successful orthodontic treatment 
outcomes.

(b) Evaluation for Removal 

Depending on the extent of fracture and clinical 
circumstances, some orthodontists may consider 
leaving a fractured portion of the screw in place or opt 
for delayed removal after radiographic examination. 
For instance, if a patient needs crown lengthening 
surgery at the end of treatment, a fractured screw 
remnant can be removed at that time.

To prevent screw fractures, orthodontists should 
adhere to adequate torque limits during TSAD 
placement.14 It is crucial to maintain a consistent 
angle and avoid abrupt angle changes during TSAD 

insertion, to minimize the risk of screw fractures. 
Additionally, the screwdriver should be turned slowly. 
Clinical experience plays a pivotal role in reducing the 
fracture rate. In the unfortunate event of a screw 
fracture, clinicians must consider the risks and 
benefits of surgical removal. Retention may be a 
viable option in some cases.

Conclusions 

Orthodontic mini screws (or TSADs) are valuable 
tools in modern orthodontics, but they are not 
without complications. Soft tissue damage, hard 
tissue damage, and screw fractures can occur in the 
absence of careful planning and precise execution. 
Preventive measures, such as thoughtful TSAD 
placement and torque control, can significantly 
reduce the occurrence of these complications. 
Additionally, early detection and appropriate 
management are essential when complications 
arise to ensure successful completion of 
orthodontic treatment.

References 

1. Kuroda S, Tanaka E. Risks and complications of miniscrew 
anchorage in clinical orthodontics. Japanese Dent Sci Rev 
2014;50:79-85. 

2. Park H-S, Jeong S-H, Kwon O-W. Factors a!ecting the 
clinical success of screw implants used as orthodontic 
anchorage. Am J Orthod Dentofacial Orthop 
2006;130:18-25. 

3. Baumgaertel S, Tran ". Buccal mini-implant site selection: 
the mucosal fallacy and zones of opportunity. J Clin 
Orthod 2012;46:434-436. 

4. Chang C, Liu SS, Roberts WE. Primary failure rate for 
1680 extra-alveolar mandibular buccal shelf mini-screws 

9



0

JDO 74 CLINICAL TIPS

placed in movable mucosa or a&ached gingiva. Angle 
Orthod 2015;85:905-910. 

5. Zhao N, Zhang Q, Guo Y, Cui S, Tian Y, Zhang Y et al. 
Oral microbiome contributes to the failure of orthodontic 
temporary anchorage devices (TADs). BMC Oral Health 
2023;23. 

6. Cheng S-J, Tseng I-Y, Lee J-J, Kok S-H. A pro'ective study 
of the risk factors associated with failure of mini-implants 
used for orthodontic anchorage. International Journal of 
Oral & Maxillofacial Implants 2004;19. 

7. Lee Y-K, Kim J-W, Baek S-H, Kim T-W, Chang Y-I. Root 
and bone response to the proximity of a mini-implant 
under orthodontic loading . Angle Orthodontist 
2010;80:452-458. 

8. Chang CC, Lin JS, Yeh H. Extra-alveolar bone screws for 
conservative correction of severe malocclusion without 
extra)ions or orthognathic surgery. Current osteoporosis 
reports 2018;16:387-394. 

9. Chang CH, Lin JS, Yeh HY, Roberts WE. Insights to 
extraradicular bone screw applications for challenging 
malocclusions. Temporary Anchorage Devices in Clinical 
Orthodontics 2020:433-444. 

10. Chang CH, Lin LY, Roberts WE. Orthodontic bone 
screws: A quick update and its promising future. 
Orthodontics & Craniofacial Research 2021;24:75-82. 

11. Gurdán Z, Szalma J. Evaluation of the Success and 
Complication Rates of Self‐Drilling Orthodontic 
Mini‐Implants. Nigerian Journal of Clinical Pra)ice 
2018;21:546-556. 

12. Suzuki EY, Suzuki B. Placement and removal torque 
values of orthodontic miniscrew implants. American 
Journal of Orthodontics and Dentofacial Orthopedics 
2011;139:669-678. 

13. Lee K-J, Joo E, Kim K-D, Lee J-S, Park Y-C, Yu H-S. 
Computed tomographic analysis of tooth-bearing alveolar 
bone for orthodontic miniscrew placement. Am J Orthod 
Dentofacial Orthop 2009;135:486-494. 

14. Chang CH, Lin JH, Roberts WE. Success of 
infrazygomatic crest bone screws: patient age, insertion 
angle, sinus penetration, and terminal insertion torque. 
Am J Orthod Dentofacial Orthop 2022;161(6):783-790.

10



00 0

Buy a Super Set, get OBS Clinical Guide (eBook) for free.

OBS

inewton.dental@gmail.com orthobonescrew.com+886-3-573-5676

OBS Super Set

Smooth Mushroom Head
For comfort  & retent ion of  e last ic chain

4-way Rectangular Holes
For lever arm to solve impacted tooth

Double Neck Design
Easy hygiene contro l  & extra at tachment

Stainless Steel**

Titanium Higher biocompatibility*

Made in Taiwan

*  TADs made of Ti alloy have a lower failure rate compared to SS when placed in thin cortical bone. These results are consistent with a biocompatibility-related tendency for less bone resorption at the bone screw interface. 

   Reference: Failure Rates for SS and Ti-Alloy Incisal Anchorage Screws: Single-Center, Double Blind, Randomized Clinical Trial (J Digital Orthod 2018;52:70-79)

** The overall success rate of 93.7% indicates that both SS and TiA are clinically acceptable for IZC BSs. 

   Reference: Failure rates for stainless steel versus titanium alloy infrazygomatic crest bone screws: A single-center, randomized double-blind clinical trial (Angle Orthod 2019;89(1):40-46)

2.0
2.7

1.5 1.5X8mm

2.0x12mm
2.0x14mm (with holes)

New

Created by Dr. Chris Chang, OBS is made of medical grade, stainless steel and titanium, and is 

highly praised by doctors for its simplistic design, low failure rate and excellent quality. OBS is your 

must-have secret weapon for maximum, reliable anchorage.



00 0



00 0



00 0



00 0



00 0



00 0



0

Abstract 

Introduction: A 10-year-11-month-old female was brought by her mother to seek orthodontic consultation, with a chief complaint of 
a protrusive lower lip.

Diagnosis: Cephalometric analysis revealed a skeletal Class I relationship (SNA, 83°; SNB, 81°, ANB, 2°), protrusive lower lip, as well as 
proclined upper and lower incisors. An intraoral assessment revealed mild Class II canine relation on the right side. There were slight 
generalized spaces in the upper and lower dentition. The Discrepancy Index (DI) was 10. 

Treatment: The treatment plan was a non-extraction treatment using Damon® brackets anchored with infrazygomatic crest (IZC) 
bone screws bilaterally to retract the upper and lower dentitions. The active treatment time was 23 months. 

Results: Improved dentofacial esthetics and a better occlusal function were achieved after treatment. The Cast-Radiograph 
Evaluation (CRE) was 13, and Pink and White esthetics score was 9. The patient was well satisfied with the final outcome. 

Conclusions: IZC bone screw serve as an excellent anchorage in the treatment which molar protraction is undesirable. (J Digital 
Orthod 2024;74:18-30)

Key words:  
lower lip protrusion, generalized spacing, IZC screws, anchorage

Non-Extraction Treatment and Correction of 
Generalized Interdental Spacing and Protrusive 

Anterior Teeth in an Adolescent

JDO 74 CASE REPORT

Introduction 

This 10-year-old girl was brought to the clinic 
seeking a solution to fix her profile problem, the 
flared upper and lower incisors, and protrusive 
lower lip (Fig. 1).

Diagnosis 

Facial 

• Lower lip protrusive to E-line (Fig. 1)

• Facial convexity: profile (G-Sn-Pg’=10˚) was 

within normal limits (WNL)

• Smile: acceptable

• Symmetry: WNL

Skeletal 

• Intermaxillary relationship: Skeletal Class I 

relationship (SNA, 83˚; SNB, 81˚; ANB 2˚) (Fig. 2; 

Table 1)

• Mandibular Plane: WNL

• Symmetry: WNL

18
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Dental 

• Classification: Class I molar relationship 

bilaterally, Canine relationship mild Class II on the 

right and Class I on the left (Fig. 1)

• Overbite: 2 mm

• Overjet: 3 mm

• Missing: none

◼Fig. 1: Pre-treatment facial and intra-oral photographs
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• Spacing: 8 mm in the maxillary arch from 

bicuspid to bicuspid, and 8 mm in the mandibular 

arch from bicuspid to bicuspid. 

The ABO Discrepancy Index (DI)1,2 was 13 as shown 
in Worksheet 1 at the end of this report.

Treatment Objectives 

The treatment objectives were to:

1. Correct the flared upper incisors and lower incisors.

2. Close space between bilateral bicuspids. 

3. Coincide the upper and lower dental midlines to 
the facial midline.

Maxilla (all three planes): 

• A-P: Maintain.

◼Fig. 2: Pre-treatment cephalometric radiograph

CEPHALOMETRIC SUMMARY

PRE-TX POST-TX DIFF.

SKELETAL ANALYSIS

SNA˚ (82˚±4) 83˚ 84˚ 1˚
SNB˚ (80˚±4) 81˚ 81˚ 0˚
ANB˚ (2˚±4) 2˚ 3˚ 1˚
SN-MP˚ (32˚±6) 28˚ 27˚ 1˚
FMA˚ (25˚±6) 23˚ 22˚ 1˚
DENTAL ANALYSIS

U1 TO NA mm (4mm±3) 9 2 7

U1 TO SN˚ (104˚±4) 121˚ 104˚ 17˚

L1 TO NB mm (4mm±3) 8 5 3

L1 TO MP˚ (90˚±4) 103˚ 94˚ 9˚
FACIAL ANALYSIS

E-LINE UL (-1mm±2) 0 -2 2

E-LINE LL (0mm±2) 2 -2 4

%FH: Na-ANS-Gn (53%±3) 53% 55% 2%

Convexity:G-Sn-Pg’ (13˚) 6˚ 10˚ 4˚

◼Table 1: Cephalometric Summary◼Fig. 3: Pre-treatment panoramic film
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• Vertical: Maintain.

• Transverse: Maintain.

Mandible (all three planes): 

• A-P: Maintain.

• Vertical: Maintain.

• Transverse: Maintain.

Maxillary Dentition: 

• A-P: Retract incisors, and maintain molars.

• Vertical: Intrude incisors.

• Transverse: Maintain.

Mandibular Dentition: 

• A-P: Retract the incisors.

• Vertical: Maintain.

• Transverse: Maintain.

Facial Esthetics:  

• Improve lower lip position, and reduce 
dentoalveolar protrusion.

Treatment Alternatives 

To correct the protrusiveness of the dentition and the 
lower lip, retracting the anteriors in both arches was 
necessary. Possible treatment options are listed below.

Option A: Retraction by extracting both upper and 
lower first premolars. 

Option B: Non-extraction treatment with the use of  
OrthoBoneScrew® (OBS) (2x12-mm, iNewton 
dental Inc., Hsinchu, Taiwan) on the buccal surface 
of each upper first molar as anchorage and retract 
both arches. 

The patient and her family were informed about 
the pros and cons of each approach, and Option B 
was selected. 

Treatment Progress 

A set of 0.022” slot Damon Q low torque brackets 
(U1, +2°; U2, -5°; U3, -9°) were selected and bonded 
on the maxillary and mandibular permanent teeth. 
The initial archwires were 0.014 CuNiTi. The patient 
was instructed to practice “lip seal exercise” to help 
correct the flaring of the anterior teeth.

During the 6th month of treatment, two bite turbos 
were bonded on the palatal side of both upper 
central incisors (Fig. 4). Spaces were redistributed to 
locate between canines and first premolars in both 
arches using power chain and figure-eight ligation. 
Class II elastics (Parrot 5/16-in, 2 oz, Ormco, 

◼Fig. 4:  
In the 6th month, palatal bite turbos were bonded on the 
maxillary central incisors.
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◼Fig.5 : Intraoral photographs taken in the 12th month

Glendora,CA) were used to correct the A-P 
discrepancy. The sequence for the upper and lower 
archwires were 0.014-in CuNiTi, 0.014x0.025-in 
CuNiTi, 0.017x0.025-in TMA, and 0.016x0.025-in SS.

In the 10th month of treatment, two OBSs (2x12-
mm) were installed buccal to the upper first molars 
in the infrazygomatic crest (IZC) bilaterally (Fig. 5). 
Upper arch retraction was initiated by a chain of 
elastic from both maxil lary OBSs to the 
corresponding lower canine; while lower arch 
retraction was initiated by elastics (Monkey, 3/8”, 3.5 
oz, Ormco, Glendora,CA) from the OBS miniscrews 
to the lower canines. 

After 8 months of retraction, the spaces were nearly 
closed (Fig. 6). However, as the lower dental midline 
was shifted to the left about 1 mm, the patient was 
instructed to wear only one elastic on the right side 
to correct the discrepancy. 

After 21 months of treatment, Class I canine and 
molar relationships were achieved bilaterally, and 
the upper and lower dental midlines were 
coincided. After another two months for stabilizing, 
all brackets were debonded, and retainers were 
provided for retention (Fig. 7).

Results achieved  

Maxilla (all three planes): 

• A-P: Maintained 

• Vertical: Maintained 

• Transverse: Maintained

Mandible (all three planes): 

• A-P: Maintained 

• Vertical: Maintained

• Transverse: Maintained

Maxillary Dentition: 

• A-P: Retracted

• Vertical: Maintained 

• Transverse: slightly increased

Mandibular Dentition: 

• A-P: Retracted 
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• Vertical: Maintained 

• Transverse: slightly increased 

Facial Esthetics:  

• Both upper and lower lips were retracted to 
improve facial balance.

• Marked improvement in overall facial esthetics

Retention 

Fixed lingual retainers were bonded on the 
mandibular anteriors. The patient was instructed to 
wear the upper and lower clear overlay retainers 
full time for the first 3 months and nights only 
thereafter. Home care and retainer maintenance 
instructions were provided.

Final Evaluation of Treatment  

Superimposition of the cephalometric tracings 
before and after treatment reveals excellent 
anchorage provided by the OBS miniscrews. The 
upper and lower molars had little protraction during 
the retraction of both arches (Fig. 10). The inclination 
of upper and lower incisors had improved by 17° 
and 9° respectively (Fig. 8; Table 1). Overjet and 
overbite were ideal. The protrusive lips were 
reduced, improving facial convexity. The patient and 
her mother were both very satisfied with the 
outcome. The final Cast-Radiograph Evaluation (CRE) 
score was 13 points. The major discrepancies are 
alignment/rotations (1 point), buccal/lingual 
inclination (3 points), occlusal contacts (3 points), 
and occlusal relationship (6 points). 

◼Fig. 6: In the 18th month, spaces were closed. Lower midline shifted to the left about 1 mm.
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◼Fig.7 : Posttreatment intra-oral photographs immediately after all appliances were removed

Discussion 

1. Spacing  

Interproximal spacing is an arch length discrepancy   
characterized by interdental spaces and lack of 
contact points between teeth. When spacing 
involves both anterior and posterior teeth it is 
generalized while localized spacing usually involves 
only two or four teeth. The causes of generalized 

spacing may be inherited, developmental, or even 
functional, whereas localized spacing is usually 
associated with local factors, such as missing, 
supernumerary or small teeth, sucking habits, over-
retained primary teeth, periodontal disease and/or 
hypertrophic upper lip frenum. Furthermore, a 
dentition with generalized spaces may be 
considered a normal occlusion with a prevalence of 
about 50% in a reported sample.3 According to the 
present patient, who had generalized spacing, she 
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had none of the contributing habits nor other 
factors described above. Therefore, in this case, her 
dentition with spaces and malocclusion was 
considered normal. Orthodontic treatment is 
suitable for space closure in the permanent 
dentition period. As for retention, the safest way to 
ensure satisfactory arch alignment and to prevent 

relapse is to use fixed or removable retainer for a long 
time, most likely for life.4

2. IZC screws for anchorage and retraction  

To improve dental-facial profile of a Class I occlusion 
with protrusion using conservative method has 
been challenging to orthodontists. The strategy 
here is to retract the anteriors without protracting 
the molars. Hence, anchorage control is the key. The 
introduction of skeletal anchorage in orthodontics 
using a fixture (temporary skeletal anchorage 
devices (TSADs) that is installed in the bone may 
serve as an absolute anchorage and has extended 
the possibilities of orthodontic tooth movement.5 It 
has been demonstrated that skeletal anchorage can 
be a substitution for extraoral anchorage with 
headgear, and its greatest strength is incisor 
retraction as a non-compliant alternative.6 

Furthermore, placing TSADs extra-alveolarly, for 
instance, in the infrazygomatic crest (IZC) may 
facilitate maxillary retraction without interfering 
with tooth movement.7 The TSADs used in this case 
are 2 OrthoBoneScrews® (OBS, 2.0x12-mm, iNewton 
Dental, Inc., Hsinchu City, Taiwan), which have a 
much higher survival rate compared to previous 
interradicular and IZC titanium alloy miniscrews (< 
1.6 mm diameter) (~95 vs <80%).8 Although our 
patient (age 10) had thinner buccal plate of cortical 
bone in the posterior maxillary region compared to 
those aged 19-27 years, the prevalence of sinus 
perforation is directly related to sinus volume. 
Additionally, the success rate for IZC TSADs in adults 
is not compromised by sinus perforation whereas 
the bone quality compensates for the decreased 
quantity at the TSAD interface.8 In this case, power 

◼Fig. 9 : Posttreatment panoramic radiograph

◼Fig. 8 : Posttreatment cephalometric radiograph
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◼Fig.10 :  
Superimposed pretreatment (black) and posttreatment (red) cephalometric tracings show that the occlusion was finished 
at Class I and both maxillary and mandibular incisors were retracted. Little to no movement of upper molars was noted.

chains were applied from TSADs to upper canines, 
and elastics were applied from TSADs to lower 
canines to retract upper and lower anteriors (Fig. 6). 
As a result, cephalometric superimpositions reveal 
absolute anchorage provided by OBS miniscrews, 
and the incisors in both arches were retracted. The 
upper molars had little to no protraction during the 
retraction of both arches. 

3. Lip seal exercise  

Lip incompetence may have negative impacts such 
as articulation defects, periodontal issues, and 
development of different malocclusion types, for 
example, open bite or maxillary protrusion. Lip 
competence plays an important role in craniofacial 
complex growth and development. Hence, there are 

many different lip training methods or apparatuses 
aiming to establish normal function and health in 
orofacial musculature, as well as to facilitate the 
development and growth of the normal occlusion.9 

In this case, lip seal exercises were introduced to 
help control maxillary incisor flaring. The belief that 
exercise of the muscle involved in lip closure could 
help establish muscular balance, and also indicates 
that the closing force of the upper lip has great 
influence on maxillary incisor angulation.10 

Conclusions 

Dentists treat patient with protrusive profile or large 
overjet on a daily basis. For the present case, 
anterior-posterior correction without bicuspid 
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extraction is challenging. Without extraction, 
absolute anchorage must be applied. With the help 
of OrthoBoneScrew®, anchorage control is simpler 
and the mechanics are straightforward. 
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TOTAL D.I. SCORE 
OVERJET 
0 mm. (edge-to-edge) = 
1 - 3 mm.  = 0 pts. 
3.1 - 5 mm.  = 2 pts. 
5.1 - 7 mm.  = 3 pts. 
7.1 - 9 mm.  = 4 pts. 
> 9 mm.  = 5 pts. 

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

 Total  = 

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

 Total  = 

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

 Total  = 

LATERAL OPEN BITE 

2 pts. per mm. Per tooth 

 Total  = 

CROWDING (only one arch) 
1 - 3 mm.  = 1 pt. 
3.1 - 5 mm.  = 2 pts. 
5.1 - 7 mm.  = 4 pts. 
> 7 mm.  = 7 pts. 

 Total  = 

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. 

 Total  =
additional

Discrepancy Index Worksheet

LINGUAL POSTERIOR X-BITE 

1 pt. per tooth  Total  =  

BUCCAL POSTERIOR X-BITE 

2 pts. Per tooth  Total  = 

CEPHALOMETRICS       (See Instructions) 

ANB ≥ 6˚ or ≤ -2˚   = 4 pts. 

    Each degree < -2˚             x 1 pt. =                  

    Each degree > 6˚              x 1 pt. =                  

SN-MP 

      ≥ 38˚    = 2 pts. 

    Each degree > 38˚             x 2 pts. =                  

      ≤ 26˚    = 1 pt. 

    Each degree < 26˚             x 1 pt. =                  

1 to MP ≥ 99˚    = 1 pt. 

    Each degree > 99˚              x 1 pt. =                  

   Total  = 

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 pt. =   
Missing teeth, congenital   x 2 pts. =   
Spacing (4 or more, per arch)    x 2 pts. =   

Spacing (Mx cent. diastema ≥2mm)  @ 2 pts. =   
Tooth transposition   x 2 pts. =   
Skeletal asymmetry (nonsurgical tx) @ 3 pts. =   
Addl. treatment complexities   x 2 pts. =   

Identify: 

   Total  =

13

0

0

0

0

0

0

0

0

8

4 4

5

2 4
2

2
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Cast-Radiograph Evaluation

Total Score:

 

 

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 “X”. Second molars should be in occlusion. 

Total Score:

Case # Patient 
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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 “X”. Second molars should be in occlusion.

IBOI Cast-Radiograph Evaluation

Root Angulation

Lingual Surface
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1. M & D Papillae 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. M & D Papillae 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 0 1 2

6. Tooth to Tooth Proportion 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 0 1 2

6. Tooth to Tooth Proportion 0 1 2

IBOI Pink & White Esthetic Score

Total Score = 
1. Pink Esthetic Score

2. White Esthetic Score (for Micro-esthetic)

Total =

Total = 
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How to join iAOI? 
Certified members of the Association are expected to complete 
the following three stages of requirements.  

1. Member
Doctors can go to http://iaoi.pro to apply for membership to 
join iAOI. Registered members will have the right to purchase 
a workbook in preparation for the entry exam.   

2. Board eligible
All registered members can take the entry exam. Members 
will have an exclusive right to purchase a copy of iAOI workbook 
containing preparation materials for the certification exam. The 
examinees are expected to answer 100 randomly selected 
questions out of the 400 ones from the iAOl workbook. Those 
who score 70 points or above can become board eligible.     

3. Diplomate
Board eligible members are required to present three written 
case reports, one of which has to be deliberated verbally. 
Members successfully passing both written and verbal 
examination will then be certified as Diplomate of iAOI.    

4. Ambassador
Diplomates will have the opportunity to be invited to present six 
ortho-implant combined cases in the iAOI annual meeting. 
Afterwards, they become Ambassador of iAOl and will be 
awarded with a special golden plaque as the highest level 
of recognition in appreciation for their special contribution.        

About our association-iAOI

For more information on benefits and requirements 
of iAOI members, please visit our official website: 
http://iaoi.pro.
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International Association of Orthodontists and Implantologists 
(iAOI) is the world's first professional association dedicated 
specifically for orthodontists and implantologists. The 
Association aims to promote the collaboration between these 
two specialties and encourage the combined treatment of 
orthodontic and implant therapy in order to provide better care 
for our patients. 
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Abstract 
Introduction: A 15 year-7 month-old female with a history of amelogenesis imperfecta (AI) presented with chief complaints of poor dental 
esthetics and anterior openbite.

History and Etiology: AI is a hereditary disorder that is usually manifested as an autosomal dominate trait involving defective ENAM 
gene(s). For the present patient, deficient enamel resulted in decreased biologic width of the epithelial attachment, in addition to dental 
attrition that reduced the heights of clinical crowns. Selective crown lengthening and complete provisional restoration were required. 
Habitual interdental tongue posture, which may reflect a history of airway compromise, resulted in an anterior openbite that induced 
posterior mandibular rotation to produce a long face.

Diagnosis: AI-related enamel deficiency has compromised the periodontium and dentition. Facial form was convex (12°) with increased 
lower facial height (59.5%) and a steep mandibular plane angle (FMA, 37.5°). Cephalometrics revealed a protrusive maxilla (SNA, 84.5°), 
retrusive mandible (77.5°), and an intermaxillary discrepancy of 7° (ANB). The bilateral Class II malocclusion was complicated with anterior 
openbite, canted occlusal plane, and mandibular deviation to the left. The Discrepancy Index (DI) was 62.

Treatment: Crown lengthening surgery and revised provisional restorations established a healthy periodontium in preparation for 
orthodontics treatment. A fixed passive self-ligating appliance, with high torque brackets in the upper anterior segment, was bonded on 
both arches. Anchorage to intrude upper molars was provided with bilateral infra-zygomatic crest (IZC) bone screws. After initial 
orthodontic alignment, interproximal space was increased as needed with elastic separators to prepare gingival margins, and a new set of 
optimized provisional restorations was fabricated. Orthodontic finishing was accomplished with the same fixed appliance.

Results: Crown lengthening produced healthy periodontium with proper biological width in preparation for full provisional restoration and 
orthodontic alignment. As upper molars were intruded, the mandible rotated anteriorly, and the lower facial height decreased as lip and 
chin protrusion increased. This challenging openbite malocclusion, with a Discrepancy Index (DI) of 62, was treated in 22 months to an 
excellent outcome: Cast-Radiography Evaluation (CRE) score of 11 and Pink & White dental esthetic score of 1. An upper removable retainer 
was provided for night-time wear. 

Conclusions: A patient with AI and an anterior openbite malocclusion was treated to a stable occlusion with a passive self-ligating fixed 
appliance and IZC bone screw anchorage. Interdisciplinary treatment with periodontics and prosthodontics was required before and after 
orthodontic therapy to appropriately restore dentofacial esthetics and function. (J Digital Orthod 2024;74:38-58; reprinted from J Digital 
Orthod 2020;57:4-23)

Key words: 

Class II, openbite, occlusal cant, bimaxillary protrusion, molar intrusion, infrazygomatic crest screw, amelogenesis imperfecta, therapeutic 
provisional restoration

Non-Extraction Treatment of a Class II Openbite 
with Amelogenesis Imperfecta
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◼Fig. 1: Pre-treatment facial and intraoral photographs, 15y7m of age
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History and Etiology 

A 15 year-7 month-old (15y7m) female with a 
history of amelogenesis imperfecta (AI) presented 
with a C lass I I malocc lus ion , c rowding, 

asymmetric anterior open bite, enamel deficiency, 
periodontal impairment, and compromised 
provisional crowns (Figs. 1-4). Clinical and 
radiographic evaluation revealed a long face, 
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protrusive lips, excessive mentalis strain, and 
excessive maxillary gingival exposure (gummy 
smile). An occlusal cant and mandibular deviation 
to the left were also noted (Table 1; Figs. 2, 4 and 
6). The patient had additional concerns about 
tooth sensitivity, poor dental esthetics, and unclear 
pronunciation of the sounds [s] and [z]. Panoramic 
radiography was consistent with AI: reduced 
thickness and radio-opacity of enamel, as well as 
tight proximal contacts in the posterior region, 
pulpal calcification, and root anomalies.

Diagnosis 

Clinical examination, photography, casts, radiographs 
and cephalometrics (Figs. 1-6; Table 1) documented 
the following: 

Facial:

• Length: Long face (LHF, 59.5%), relatively short upper 

lip, incompetent lip 

◼Fig. 2: Facial and intraoral photographs after the initial periodontal and restorative treatment, 17y4m of age
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◼Fig. 3: Pre-treatment dental models (casts)

◼Table 1: Cephalometric summary

CEPHALOMETRIC SUMMARY

SKELETAL ANALYSIS

PRE-TX POST-TX DIFF.
SNA° (82º) 84.5° 84.5° 0°

SNB° (80º) 77.5° 78.5° 1°

ANB° (2º) 7° 6° 1°

SN-MP° (32º) 45° 44° 1°

FMA° (25º) 37.5˚ 36.5˚ 1°

DENTAL ANALYSIS

U1 TO NA mm (4 mm) 6.5 4.5 2

U1 TO SN° (110º) 108.5° 102° 6.5°

L1 TO NB mm (4 mm) 10 11 1

L1 TO MP° (90º) 85.5° 86° 0.5°

FACIAL ANALYSIS

E-LINE UL (-1mm) 1 -0.5 1.5

E-LINE LL (0 mm) 3 2 1

%FH: Na-ANS-Gn (53%) 59.5% 59% 0.5%

Convexity: G-Sn-Pg’ (13º) 12° 5° 7°

◼Fig. 4: Pre-treatment panoramic radiograph

• Protrusion: Facial convexity (12°), hypermentalis 

strain for lip closure, flat chin, and relatively protrusive 

lips (1mm U, 3mm L to the E-Line). 

• Symmetry: Maxillary dental midline, canted occlusal 

plane, and mandibular deviation to the left (Fig. 2) 

• Smile: Excessive gingival exposure with an anterior 

openbite

Skeletal: 

• Intermaxillary Relationship: Protrusive maxilla (SNA, 

84.5°), retrusive mandible (SNB, 77.5°) and 

intermaxillary skeletal discrepancy (ANB, 7°) 

• Mandibular Plane: Excessive (SN-MP, 45°, FMA, 37.5°) 

• Vertical Dimension of Occlusion (VDO): Excessive 

ANS-Gn segment (59.5% of the Na-ANS-Gn dimension) 

• Symmetry: Maxilla deviated to the left with a 4° 

counterclockwise occlusal cant

41
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Dental:

• Classification: Class II buccal segments (6 mm bilaterally) 

• Overbite: -5 mm 

• Overjet: 2 mm

◼Fig. 5: Pre-treatment cephalometric radiograph

◼Fig. 6:  
An anterior-posterior cephalometric radiograph documents 
facial asymmetry, occlusal canting and mandibular deviation.

• Missing/Unerupted/Impacted: Impacted LR8 (Fig. 4)

• Morphology: Enamel hypoplasia and hypo-

mineralization 

• Symmetry: Upper midline deviated 1mm to the 

right with a 4° occlusal cant

• ABO Discrepancy Index (DI) of 62, as 
documented in Worksheet 3

Facial Esthetics:

• Convex with incompetent lips

• Protrusive upper and lower lips (1 and 3 mm to 
the E-Line, respectively)

Treatment Alternatives 

Females over 15 years of age are usually skeletally 
mature, so treatment options are similar to other 
non-growing adults. The anterior open bite could 
be corrected with fixed appliances and two-jaw 
orthognathic surgery: (1) 3-piece Le Fort I maxillary 
advancement osteotomy for expansion of the 
posterior segments, (2) down-fracture of the 
maxillary anterior segment, and (3) bilateral sagittal 
split osteotomy for autorotation of the mandible. 
Another approach is orthodontic treatment with 
extraction of four premolars to upright maxillary 
incisors, close spaces, and retract anterior segments 
to close the anterior open bite and reduce 
protrusion. An alternate form of camouflage 
treatment is a non-extraction orthodontic 
treatment combined with bone screws to intrude 
the posterior teeth, increase the overbite, and 
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improve the open bite.1,2 The treatment options as 
illustrated in Fig. 7 are summarized bellow: 

• Option 1: Initial dental alignment, orthognathic 
surgical correction, and finishing

• Option 2: Extract four first premolars, place fixed 
appliances, and close extraction spaces. Bone 
screws can be used as supplemental anchorage.1,2

• Option 3: Use infra-zygomatic crest (IZC) bone 
screws to intrude the posterior maxillary dentition 
and retract the anterior segment.3

The patient chose the third option because it was 
deemed the least invasive.

Specific Objectives of Treatment 

1. Expand both arches.

2. Align and level.

3. Correct the anterior openbite.

4. Improve facial and lip protrusion.

Treatment Progress 

Prior to orthodontics, periodontal crown lengthening 
was performed to correct biologic width as needed. 
An optimal soft tissue response was achieved in 21 
months by combining periodontal and prosthetic 
treatment, and then or thodontic therapy 
commenced. A 0.022-in slot Damon Q® fixed 
appliance system (Ormco, Glendora, CA) with passive 
self-ligating (PSL) brackets was bonded on both 
arches. A standard torque appliance was utilized 
except for high torque brackets in the maxillary 
anterior segment. The maxillary arch was bonded 

◼Fig. 7: 
Three treatment options are illustrated in panoramic drawings.

Non-extraction with bone 
screws

Fixed appliances & 
orthognathic surgery

Four premolars extraction

first, and a 0.013-in copper-nickel-titanium (CuNiTi) 
archwire was placed (Figs. 8-9). The lower molars 
were separated on the mesial and distal surfaces 
(Fig. 10) to provide space for banding. Ten days 
later, a standard torque appliance was bonded on 
the entire lower arch, and a 0.013-in CuNiTi 
archwire was placed (Fig. 11). One month later (2M), 
the brackets on UR1, UR3, UL1 and LL3 were 
repositioned, and a 0.016-in CuNiTi archwire was 
inserted in the lower arch. The following month 
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(3M), the UR2 bracket was repositioned, and the 
patient was referred for third molar extraction. One 
month later (4M), an intra elastic (Fox 1/4-in, 3.5-oz) 
was placed from UR3 to UL3. Provisional restoration 
on LR3 was defective (Fig. 12), so the patient was 
referred for restorative care. Five months (5M) into 
treatment, a 0.014x0.025-in CuNiTi upper archwire 
was inserted, and IZC bone screws were placed to 
initiate retraction of the upper arch (Fig. 13).4

Two months later (7M), the upper archwire was 
increased to 0.018-in CuNiTi, and a 0.014x0.025-in 
CuNiTi was placed in the lower arch. To close anterior 
interproximal spaces, elastic chains were placed from 
canine to canine in both arches. In addition, anterior 
horizontal elastics (Fox 1/4-in, 3.5-oz) were utilized 
from canine to canine. 

One month later (8M), archwires were changed to a 
0.014x0.025-in and 0.018-in CuNiTi in the lower and 
upper arches, respectively. Interproximal reduction 
(IPR) of enamel thickness was performed in the lower 
anterior segment. Two months later (10M), the 
brackets on UR5, UR2, UR1 and LL2 were 
repositioned, and both arches were engaged with 
0.014x0.025-in CuNiTi archwires. Elastic chains were 
utilized to consolidate both arches, and Class II 
elastics were placed. In the 14th month (14M) of 

1M 3M 7M5M

◼Fig. 8: A progressive sequence of occlusal photographs show treatment progress from 1-7 months (M).

treatment, anterior horizontal elastics (Fox 1/4-in, 
3.5-oz) were applied to complete openbite 
correction.5 Fifteen months (15M) into treatment, 
the provisional restorations were replaced and 
rebonded with similar PSL brackets (Figs. 14 and 
15). Seven months later (22M), fixed appliances 
were removed, and an upper removable retainer 
was delivered. The archwires and treatment 
sequence are summarized in Table 2.


Results Achieved 

After 22 months of active treatment, the 
periodontally and restoratively compromised 
malocclusion (DI of 62, Worksheet 1) was corrected 
to a near ideal result: cast-radiograph evaluation 
(CRE) of 11 (Worksheet 2),6 and a Pink & White 
esthetic score of 1 (Worksheet 3).7 Non-extraction 
alignment and IZC bone screw anchorage reduced 
facial height (0.5°), convexity (5°), and the MPA (1°) 
(Table 1). Consistent with conservative correction 
of anterior openbite,8,9 the axial inclination of 
maxillary incisors was decreased 6.5° to 102° (Fig. 
16). Excessively upright upper incisors were 
masked with restorative veneers at the end of 
treatment (Fig. 17). As shown in Figs. 18-23 and 
Table 1, outcomes for specific treatment 
objectives6 are outlined below:
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Maxilla (all three planes):

• A-P: Maintained

• Vertical: Maintained

• Transverse: Maintained

Mandible (all three planes):

• A-P: Maintained

• Vertical: Maintained

• Transverse: Maintained

Maxillary Dentition:

• A-P: Incisors and molars retracted 

• Vertical: Molars intruded/Incisors maintained

• Inter-molar/Inter-canine Width: Maintained/Expanded

◼Fig. 9: A progressive sequence of frontal intraoral photographs document treatment progress from 1-15 months (M).

◼Fig. 10: 
Blue elastic separators are placed mesial and distal to the lower 
first molars to prepare restorative margins for provisional 
restorations. Later bonding of lower first molars was successful. 
No bands were used.

8M 11M 15M14M

1M 3M 7M5M

Mandibular Dentition:

• A-P: Retracted

• Vertical: Intruded

• Inter-Molar/Inter-Canine Width: Expanded

Facial Esthetics:

• Both upper and lower lips were retracted 
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Discussion 

Etiology of anterior openbite is an interdental 
tongue posture that often reflects a past or present 
airway compromise. Swallowing requires a tongue 
thrust to seal the oral cavity. The tongue thrust is 
commonly thought to be the proximal cause of the 
openbite, but Proffit et al.10 have clearly shown that 
the constant force of soft tissue posture is more 
efficient than the intermittent force of a tongue 
thrust for producing openbite malocclusion. Anterior 
openbite is often associated with increased FMA, 
reduced inter-incisal angle, increased lower facial 
height, and incompetent lips.8,9 This morphologic 
pattern compromises both dentofacial esthetics and 
functional occlusion. Affected individuals experience 
difficulty incising food, and articulating the normal 
sounds of speech. Repetitive mechanical loading of 
a tongue thrust may contribute to periodontal 
compromise.10

There are many treatment options for correcting 
anterior openbite: fixed appliances with/without 
extractions, multi-loop edgewise archwires, 

1M 2M 5M3M

7M 8M 15M11M

◼Fig. 11: A progressive sequence of right buccal photographs document treatment progress from 1-15 months (M).

◼Fig. 12: The provisional veneer on LR3 was cracked and displaced.

◼Fig. 13: IZC bone screws were placed buccally to the upper molars.
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functional appliances, high-pull headgear and/or 
bite blocks. Some malocclusions are exacerbated 
with growth. Severe openbite may require a 
combination of orthodontics and orthognathic 
surgery. The most common surgical procedure is a Le 
Fort I osteotomy with posterior maxillary impaction 
and/or bimaxillary osteotomy.8,9 Orthognathic 
surgery for openbite correction may be unstable. 
Proffit et al.10 found maxillary impaction was less 
prone to relapse (7% overbite decrease) compared 
to two-jaw surgeries (12% overbite decrease). 
Teittinen et al.11 compared maxillary impaction and 
mandibular rotation to close anterior openbite. The 
maxilla tends to relapse vertically, but the mandible 
experienced both vertical and sagittal changes, 
particularly with two-jaw procedures. Furthermore, 
Frey et al.12 described a greater relapse tendency for 
counter-clockwise rotation of the mandible. Overbite 
relapse is a statistically significant problem following 
orthognathic surgery.13 In the past decade, skeletal 
anchorage devices have evolved to intrude molars 
for achieving improvement in occlusion, facial height 
and lateral profile. 14-17 Bone screws and miniplates 
are stationary osseous anchorage for retraction and 
intrusion of the dentition. The surgical procedure for 
miniplate placement is more invasive and relatively 
complicated, compared to self-drilling screws that 
penetrate the soft tissue. The latter are inserted 
directly into cortical bone and have a very high rate 
of success.17,18 No surgical flap or pilot drilling are 
necessary. Avoiding the trauma and pain of more 
extensive surgery is an attractive feature, and an 
additional advantage is the simple removal of the 
screw without anesthesia after treatment.

The extra-alveolar location of the bone screw 
permits selective retraction and intrusion of the 

◼Fig. 14: 
Progress cephalometric radiograph at 14 months shows 
dentofacial changes.

◼Fig. 15: 
Progress panoramic radiograph at 14 months documents initial 
orthodontic alignment.

dentition.18,19 When combined with the Damon PSL 
appliance, a light force can expand (develop) a 
narrow arch without periodontal compromise.20 
Sequential or simultaneous correction in three 
planes of space with bone screw anchorage is 
more effective than routine fixed appliance therapy, 
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◼Fig. 17: Post-treatment facial and intraoral photographs

0 0

◼Fig. 16: 
Superimposition of cephalometric tracings (17y4m and 18y8m) reveals 16 months of progress. Note that the mandible has rotated anteriorly 
(counter-clockwise). See text for details.

17y4m

18y8m
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and is much less traumatic compared to 
orthognathic surgery.18-20

Amelogenesis imperfecta (AI) is usually an 
autosomal dominant trait affecting all teeth.10 Lack 
of enamel may result in dental attrition and 
compromise of the epithelial attachment. Crown 
lengthening and extensive restorative dentistry are 
often required prior to orthodontics (Figs. 24 and 
25).21,22 Periodontal and radiographic evaluation 
suggested that a passive eruption mechanism 
contributes to the compromised gingival and 
osseous relationships.23 For the current patient, the 
periodontium presented with a wider band of 
keratinized tissue and osseous crest at about the 
same level as the cementoenamel junction (CEJ). 
The periodontal surgical procedure included 
thinning of both soft and hard tissue to minimize 
rebound of the apically repositioned gingiva soft 
tissue. The improved periodontal contours facilitate 
oral hygiene and result in a more esthetic outcome 
prior to orthodontic treatment.24

The crown lengthening procedure apically 
repositioned the gingiva on an osseous base that 
was reduced to provide for adequate biologic width. 

◼Fig. 18: Post-treatment dental models (casts)

◼Fig. 19: Post-treatment panoramic radiograph

◼Fig. 21: 
A post-treatment anterioposterior cephalometric radiograph 
with superimposed reference lines shows a near ideal dentofacial 
symmetry. Compare to Fig. 6, and see text for details.

◼Fig. 20: Post-treatment cephalometric radiograph
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Under local anesthesia, the location of the 
anatomical CEJ and alveolar bone crest were 
determined using a periodontal probe. Sub-
marginal parabolic incisions corresponding to the 
anatomical CEJ reproduced the natural scalloping 
of a gingival margin (Fig. 26). After full-thickness 
gingival flap elevation, an osteotomy was 
performed to provide at least 3mm clearance 
between the bone crest and the desired level of 
gingival margin. Vertical grooving and radicular 
blending of bone created a physiological 
morphology with appropriate root prominence (Fig. 
27). The flap was closed with dissolvable sutures 
and covered with a periodontal dressing.

Crown lengthening exposed the margins of 
defective restorations and rough enamel surfaces 
(Fig. 28). It is important to correct the biologic, 

◼Fig. 23: 
Orthodontic correction was maintained with an upper 
removable retainer. See text for details.
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◼Fig. 22:  
Cephalometric tracings superimposed on the anterior cranial base (left), maxilla (upper right), and mandible (lower right) show 
dentofacial changes during active orthodontic treatment. The black tracing at 17y4m is the start, and the red tracing at 19y3m is the 
finish. See text for details.

19y3m

17y4m
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functional, and esthetic deficits prior to initiating 
orthodontics (Fig. 2).25 Health of the periodontium 
was maintained with provisional restorations that 
h a d p hy s i o l o g i c c o n t o u r s a n d g i n g i va l 
embrasures.26 Auto polymerized polymethyl 
methacrylate [PMMA] was the restorative material of 
choice because of adequate strength and good 
color stability. An indirect-direct technique with a 
provisional shell was used to produce the 
provisional prostheses. 

A previously fabricated custom shell for each tooth 
was relined intra-orally immediately after tooth 
preparation was completed. The indirect-direct 
procedure reduced chair time. It is important to 
adequately seat the shell during the reline 
procedure to decease adjustments as well as to 
control heat generation and chemical irritation. The 
indirect approach with PMMA as a reline material 
reduces polymerization shrinkage compared with 
the direct technique. After the reline and 

adjustment procedures, the surface of the 
provisional crowns were polished to facilitate soft 
tissue healing along the desired cervical contours.27 

This method is well suited for helping resolve 
anterior openbite restoratively.28 After fourteen 
months of orthodontic alignment, a second set of 
provisional restorations was constructed. Each tooth 
was restored as ideally as possible to facilitate the 
final interdigitation, overjet, and overbite during 
orthodontic finishing (Fig. 16). The provisional 
restorations were adjusted as desired by the patient, 
so they could serve as the pattern for the permanent 
restorations. This approach fulfilled the patient’s 
needs for a harmonious and healthy dentition.

In interpreting Figure 22, it is important to 
understand that  the mandible was rotated 
clockwise due with thick posterior provisional 
restorations to provide adequate strength. Future 
permanent crowns will have thinner occlusal 

◼Fig. 24:  
Intraoral radiographs prior to treatment were used to assess the morphology of the anatomical cementoenamel junction (aCEJ) and 
alveolar bone crest (ABC). The blue lines mark the ABC, and the yellow dotted lines mark the aCEJ. Note the distance (ABC-aCEJ) is less than 
2mm, which is a biologic width violation that induces inflammation. See text for details.
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surfaces, so  the mandible will rotate anteriorly 
(counter-clockwise) to improve the facial profile. 

Conclusions 

An AI compromised dentition developed into a 
c o m p l e x m a l o c c l u s i o n t h a t r e q u i r e d 
interdisciplinary treatment to achieve an optimal 
esthetic and functional outcome. Provisional 
restorations supported by healthy periodontium 
were the prerequisite for orthodontic alignment. A 
passive self-ligating appliance with IZC bone screw 
anchorage achieved optimal dentofacial form and 
function. To facilitate optimal finishing, a new set of 
provisional restorations was constructed after 14 
months of orthodontic alignment. Carefully 
coordinated periodontal , restorative and 
orthodontic treatments were required to achieve a 
near ideal outcome. 
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TOTAL D.I. SCORE 
OVERJET 
0 mm. (edge-to-edge) = 
1 - 3 mm.  = 0 pts. 
3.1 - 5 mm.  = 2 pts. 
5.1 - 7 mm.  = 3 pts. 
7.1 - 9 mm.  = 4 pts. 
> 9 mm.  = 5 pts. 

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

 Total  = 

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

 Total  = 

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

 Total  = 

LATERAL OPEN BITE 

2 pts. per mm. Per tooth 

 Total  = 

CROWDING (only one arch) 
1 - 3 mm.  = 1 pt. 
3.1 - 5 mm.  = 2 pts. 
5.1 - 7 mm.  = 4 pts. 
> 7 mm.  = 7 pts. 

 Total  = 

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. 

 Total  =
additional

Discrepancy Index Worksheet

LINGUAL POSTERIOR X-BITE 

1 pt. per tooth  Total  =  

BUCCAL POSTERIOR X-BITE 

2 pts. Per tooth  Total  = 

CEPHALOMETRICS       (See Instructions) 

ANB ≥ 6˚ or ≤ -2˚   = 4 pts. 

    Each degree < -2˚             x 1 pt. =                  

    Each degree > 6˚              x 1 pt. =                  

SN-MP 

      ≥ 38˚    = 2 pts. 

    Each degree > 38˚             x 2 pts. =                  

      ≤ 26˚    = 1 pt. 

    Each degree < 26˚             x 1 pt. =                  

1 to MP ≥ 99˚    = 1 pt. 

    Each degree > 99˚              x 1 pt. =                  

   Total  = 

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 pt. =   
Missing teeth, congenital   x 2 pts. =   
Spacing (4 or more, per arch)    x 2 pts. =   

Spacing (Mx cent. diastema ≥2mm)  @ 2 pts. =   
Tooth transposition   x 2 pts. =   
Skeletal asymmetry (nonsurgical tx) @ 3 pts. =   
Addl. treatment complexities   x 2 pts. =   

Identify: 

   Total  =
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Cast-Radiograph Evaluation
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1. M & D Papillae 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. M & D Papillae 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 0 1 2

6. Tooth to Tooth Proportion 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 0 1 2

6. Tooth to Tooth Proportion 0 1 2

IBOI Pink & White Esthetic Score

Total Score = 
1. Pink Esthetic Score

2. White Esthetic Score (for Micro-esthetic)

Total =

Total = 
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