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Introduction

Class III malocclusion among Taiwanese, Japanese, 
Chinese, and Korean is relatively common, with a 
prevalence rate of 15-23%,1 compared to a 2-6% 
rate among European caucasians.2,3 Etiology of 
Class III malocclusion may reflect deficient maxillary 
growth, and/or overgrowth of the mandible. 
Maxillary deficiency may be due to deficient 
sutural growth or stenosis, but overgrowth of the 
mandible has less physiologic basis as a primary 
mechanism.4  Mandibular prognathism may have 
a secondary etiology such as anterior posturing 

of the mandible due to a functional problem like 
maintaining airway patency.4 Efficient conservative 
treatment for Class III malocclusion depends on a 
valid differential diagnosis. Despite a large negative 
overjet and sagittal discrepancy, Class III patients, 
with an orthognathic profile in the centric relation 
(CR) position of the mandible, can usually be treated 
with a non-surgical approach. The 3-ring diagnosis 
proposed by John Lin5 is a useful diagnostic method 
for identifying patients with a good prognosis for 
conservative treatment. 
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Abstract 
Etiology: A 16-year-5-month-old female presented with chief complaints of anterior crossbite and crowding. Past medical history 
was non-contributory, but dental history revealed that the upper left second premolar was extracted because of a blocked-in position. 

Diagnosis: Extra-oral examination revealed a symmetric, but long tapered face in the frontal view, with a SN-MP angle of 39˚. The 
facial profile was convex with competent lips, and the lower lip was protrusive. There was an asymmetric Class III (right) and Class II (left) 
molar relationship, anterior crossbite, intermaxillary crowding, and a missing upper left (UL) second premolar. The Discrepancy Index 
(DI) was 27.

Treatment: This challenging malocclusion was efficiently corrected with a passive self-ligating fixed appliance, anterior bite turbos, 
progressive archwires, and intermaxillary elastics. After only 16 months of active treatment, the patient was satisfied with the result, 
and requested appliance removal prior to the planned completion of treatment. 

Results: Lip profile was improved, and there was no lip strain when the patient smiled naturally. After 16 months of active treatment, 
the dental outcomes were acceptable, with a Cast Radiograph Evaluation (CRE) score of 24 and a Pink & White dental esthetic score of 
7, but the result could have been improved with more detailed finishing. (J Digital Orthod 2021;62:74-90)
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Anterior crossbite is a common dental trait in Asian 
patients with a prevalence of 18.6% in Japanese 
adolescents (age 12-15 years).6 An unpublished 
study by the authors had a similar result (17.9%) for 
Taiwanese adolescents (age 15-16 years). Anterior 
crossbite is an easily perceived, negative trait that is 
frequently the chief complaint which leads parents 
to seek early orthodontic correction for young 
patients.7 Orthodontic literature advocates early 
treatment of anterior crossbite to avoid restriction 

of maxillary growth,8,9 but Sugawara et al.10 failed 
to show an advantage for early treatment with 
a chin-cup started at age 7 years because the 
patients demonstrated catch-up growth. Excessive 
mandibular growth in adolescents is a well-known 
problem for skeletal Class III patients.9 Clinicians 
considering early treatment are advised to use 
the Lin's5 3-ring method for a reliable differential 
diagnosis to identify patients with a good prognosis.

 █ Fig. 1: Pre-treatment facial and intraoral photographs 
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There  are  mult ip le  approaches  to  t reat ing 
asymmetric anterior crossbite with crowding. Huang, 
Chang, and Roberts11 proposed 6 methods for the 
correction of anterior crossbite, depending on dental 
factors and skeletal diagnosis. Removable bite-plates 
with lingual springs and tongue-blade exercises 
are advocated by some clinicians,12 but the current 
authors prefer a more efficient correction with a 
Damon passive self-ligating (PSL) fixed appliance 
(Ormco, Glendora, CA), and anterior bite turbos.

Diagnosis and Etiology

A 16yr-5mo-old female presented for orthodontic 
evaluation with chief complaints of anterior crossbite 
and crowding (Fig. 1). Past medical history was non-
contributory, but the upper left second premolar 
was extracted because of a blocked-in position. 
Extra-oral examination revealed a symmetrical, long 
tapered face in the frontal view. The facial profile was 
convex but within normal limits (WNL). The patient 
resisted smiling with her teeth exposure due to 
crowding and inclination of incisors in the maxillary 
arch (Figs. 1-3).

There were no signs or symptoms of temporo-
mandibular disorder (TMD), and no mandibular 
deviat ion on opening was  noted.  Int raora l 
examination revealed an anterior crossbite of -2mm, 
and an asymmetric molar relationship: 7mm Class 
III on the right and end-on Class II on the left (Figs. 

1 and 2). The maxillary dental midline was oblique 
because the central incisors were tipped to the 
right (Fig. 2), and the mandibular midline was 2mm 
to the left. The upper left first premolar and lower 

left second premolar were in lingual crossbite, and 
the upper left second premolar was missing (Fig. 1). 
Crowding was 5mm in the upper arch and 7mm in 
the lower arch. The pre-treatment cephalometric 
analysis (Fig. 4; Table 1) showed a 1˚ ANB and a 39˚ 
SN-MP angle. There were no dental or pathological 
abnormalities noted in the pre-treatment panoramic 
radiograph (Fig. 5). Four developing third molars 
were present, and both lower third molars were 
impacted. The American Board of Orthodontic (ABO) 
Discrepancy Index (DI) was 27 points, as shown in 
the supplementary Worksheet 1.13

 █ Fig. 2: 
The maxillary midline is oblique due to the abnormal inclination of 
the incisors. 

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

The following treatment objectives were specified 
for the preferred approach, Option 1:

1. Maintain the skeletal pattern in all three skeletal 
planes for both jaws.

2. Extract the upper right second premolar and 
both lower first premolars to: a. relieve crowding, 
b. help correct the molar relationship, and c. 
facilitate anterior crossbite correction. 

3. Use a full fixed PSL appliance to level and align 
both arches.

4. Use anterior bite turbos to unlock the maxillary 
anterior teeth; correct the anterior crossbite 
with archwire configurat ion and Class I I I 
intermaxillary elastics. 

5. Correct posterior crossbites with archwire 
alignment, supplemented with cross-elastics 
as needed. 

 █ Fig. 4: Pre-treatment lateral cephalometric radiograph 

 █ Fig. 5: Pre-treatment panoramic radiograph 

CEPHALOMETRIC SUMMARY

SKELETAL ANALYSIS

PRE-Tx POST-Tx DIFF.

SNA˚ (82º) 82.5˚ 82.5˚ 0˚
SNB˚ (80º) 81˚ 81˚ 0˚
ANB˚ (2º) 1˚ 1˚ 0˚
SN-MP˚ (32º) 39˚ 40˚ 1˚
FMA˚ (25º) 32˚ 33˚ 1˚
DENTAL ANALYSIS

U1 To NAmm (4mm) 5 5 0
U1 To SN˚ (110º) 105.5˚ 102˚ 3.5˚
L1 To NBmm (4mm) 8.5 4 4.5
L1 To MP˚ (90º) 85˚ 75.5˚ 9.5˚
FACIAL ANALYSIS

E-LINE UL (-1mm) -2 -1.5 0.5
E-LINE LL (0mm) 2 -1.5 3.5
%FH: Na-ANS-Gn  
(53±3%) 56.5% 56% 0.5% 
Convexity: G-Sn-Pg’  
(13º) 19˚ 21˚ 2˚

██ Table 1: Cephalometric summary
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6. Midline correction with intermaxillary elastics. 

7. Optimize occlusion with finishing bends and up-
and-down elastics. 

Treatment Alternatives

Option 2: Impacted lower third molars may cause 
problems in the future, but extraction prior to 
treatment requires flap surgery, and there could be 
periodontal problems distal to the second molars. 
Extraction of both lower second molars instead of 
first premolars might be a wise choice because the 
third molars in the radiographs appear to be good 
substitutes for the second molars. However, that 
approach would result in Class II buccal segments, 
and possibly a longer treatment time. In the maxillary 
arch, extraction of the upper right second premolar 
remains the best option for relieving crowding and 
correcting the midline.

Option 3: Extraction of only the maxillary second 
premolar is a viable approach if there was no 
interference with the correction of the anterior 
crossbite. With this option, brackets are bonded 
to the upper arch first, and an inclined plane or 
inclined anterior bite turbos are bonded to the 
lower anterior teeth. The anterior crossbite should 
be corrected prior to the extraction. If the crowding 
in the lower arch is still present after alignment, 
interproximal reduction (IPR) of the lower anterior 
teeth and intermaxillary elastics are indicated. The 
disadvantage of this option is a more convex face 
with a protrusive upper lip after treatment. 

The patient considered all the options, but was 

concerned about lip protrusion and an extended 
treatment time. She opted for option 1, and agreed 
to extraction of the three premolars.

Treatment Progress

The maxillary right second premolar and the 
lower first premolars were extracted prior to active 
treatment. The Damon D3MX 0.022-in PSL bracket 
system (Ormco, Glendora, CA) was used for both 
arches. All elastics, archwires, and auxiliaries were 
provided by the same manufacturer. PSL brackets 
were bonded on the maxillary arch with low-torque 
brackets on the upper anterior teeth. At the same 
appointment, the anterior bite turbos were bonded 
to the lingual surface of the lower right lateral 
incisor, and the lower left central incisor to open 
the bite for anterior crossbite correction (Fig. 6). The 
patient was also instructed to use a tongue blade 
as often as possible to manually correct the anterior 
crossbite. One month later (1M), brackets were 
bonded to the lower dentition, and standard-torque 
brackets were used for the lower anterior teeth. The 

 █ Fig. 6: Lower anterior bite turbos were used to open the bite. 

0M
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lower second molars were not bonded to avoid 
mucosal irritation at the distal end of the archwire 
(Fig. 7). Within 8 months (8M), the anterior crossbite 
was corrected, and the bite turbos were removed (Fig. 

8). The extraction space on the upper right closed 
spontaneously due to correction of crowding and 
mesial drift of the adjacent molar (Fig. 8). In the 9th 

month, 0.016x0.025-in stainless steel (SS) archwires 
were placed, and elastomeric chains were used to 
retain space closure. Bilateral Class II elastics (Bear, 

4.5-oz, Ormco, Glendora, California) were stretched 
between the upper canine and lower first molar to 
facilitate space closure and achieve a better molar 
relationship.14 In the 11th month (11M), a hook was 
installed on the bracket of upper left central incisor, 
and an intermaxillary elastic was applied from the 
upper left central incisor to the lower left canine to 
correct the 2mm midline discrepancy (Fig. 9). In the 
12th month, the midline problem was not resolved, 
so a frenectomy of the hypertrophic upper labial 
frenum was suggested, which was rejected by the 
patient. In the 14th month, bilateral N-shape up-and-
down elastics (Ostrich, 2-oz) were applied between 
the posterior teeth bilaterally to enhance maximum 
intercuspation. In the 16th month, the patient was 
satisfied with the progress and preferred to end 
treatment. All the fixed appliance were removed, 
and fixed retainers were bonded on the lingual 
surfaces of all incisors in the maxillary arch, as well 
as from canine to canine in the lower arch. Upper 
and lower clear overlay retainers were delivered. 

 █ Fig. 8: 
The upper right extraction space closed spontaneously during 
initial alignment. 

 █ Fig. 7: 
Extension of the 0.014x0.025-in CuNiTi archwire through the 2nd 
molars is not essential if it is expected that the subsequent archwire 
can engage the molar tubes of the 2nd molars easily. This approach 
helps to avoid discomfort to the patient. 

 █ Fig. 9: 
An intermaxillary elastic from the upper left central incisor to the 
lower left canine was used to correct the midline. 

8M

11M

1M
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The patient was instructed to wear them full-time 
for 6 months and nights only thereafter. Instructions 
were provided for home dental care, as well as for 
maintenance of the retainers.

Treatment Results

Lip profile was improved, there was no lip strain, 
and the patient was able to smile naturally (Fig. 10). 
The teeth were well aligned, with Class I buccal 
segments on the right side, but there was a Class 

II buccal relationship on the left side (Fig. 11). The 
patient was satisfied with the progress at this stage 
and requested that the brackets be removed prior to 
completion of treatment. The ABO Cast-Radiograph 
Evaluation (CRE)15 score is 24 as shown in Worksheet 
2. This is an adequate finish for a patient with a 
DI score of 27, particularly since treatment was 
terminated with only 16 months of active treatment. 
However, two additional months of treatment would 
probably decrease the CRE considerably. The major 
unresolved alignment problems were mild rotations 

 █ Fig. 10: Post-treatment facial and intraoral photographs 
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(6 points), marginal ridge discrepancies (8 points), 
and occlusal relationships (4 Points). Many of these 
deficiencies could have been corrected by detailing 
bends in an 0.018-in SS wire. The post-treatment 
panoramic radiograph (Fig. 12) reveals that the 
root of upper left second premolar and first molar 
converge apically; therefore, 1 point was deducted. 
The post-treatment cephalometric radiograph and 
the superimposition of cephalometric tracings 
document the dentofacial changes achieved during 
treatment (Figs. 13 and 14).

Discussion

Treatment for Anterior Crossbite 

There are several methods for treating anterior 
c r o s s b i t e  w i t h  e i t h e r  f i x e d  o r  r e m o v a b l e 
appliances.7-12 A tongue blade is an easy and 
inexpensive device for correcting anterior crossbite 
of one or two teeth. The patient was instructed 
to use the device during leisure time. The tongue 
blade is placed between the anterior teeth in 
crossbite and deflected inferiorly so that the lower 
dentition serves as a fulcrum. The mechanics exerts 
labial force against the lingually-inclined maxillary 
anterior teeth and lingual force against the lower 
teeth (Fig. 15). This simple appliance corrects anterior 
crossbite ver effectively if the patient is compliant. 
Unlike other removable appliances, a tongue blade 

 █ Fig. 11: Post-treatment study models (casts) 

 █ Fig. 12: Post-treatment panoramic radiograph  █ Fig. 13: Post-treatment cephalometric radiograph 
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 █ Fig. 14: Superimposed pre-treatment (black) and post-treatment (red) cephalometric tracings document the dental and facial changes. 

 █ Fig. 15: 
For anterior crossbite correction, a tongue blade (blue line) is placed between the upper and lower anterior teeth to exert labial force (the 
reactive force of R1) to the upper incisor and lingual force (the reactive force of R2) to the lower incisor when force (F) is applied by pressing a 
finger down at the end of the tongue blade. This device is a Class I lever with the lower teeth serving as the fulcrum. Note that the force exerted 
to the lower teeth is greater than that exerted to the upper teeth. 
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requires manual activation by the patient. The same 
result can be accomplished with tongue pressure, 
but that approach is less likely to achieve adequate 
compliance, compared to a more obvious device 
such as a tongue blade used at a planned frequency 
and duration. 

Fixed appliances are usually more predictable, and 
are particularly effective if tipping of the maxillary 
dentition is the primary problem. However, archwire 
activation produces occlusal trauma unless the bite 
is opened with a removable orthotic or bite turbos. 
Anterior bite turbos have two important effects: 1. 
removing the occlusal interference, and 2. rotating 
the mandible posteriorly, which decreases the 
negative overjet. For severe negative overjet, early 
light short Class III elastics are an effective adjunct to 
the crossbite mechanics.

Torque Selection

A finishing archwire (0.016x0.025-in SS) has about 
±20˚ play between the bracket lumen and the 
archwire.16 Bracket torque selection is important to 
control dental axial inclinations during treatment. 
The axial inclination of the incisors is a particular 
concern when they are moved in the sagittal plane. 
Low-torque brackets are used for the upper arch 
because of the Class III intermaxillary elastics tend 
to flare the incisors. The expression of low torque 
offsets this flaring effect.8,11 However, the current 
patient required supplemental mechanics because 
she had an asymmetric Class II/III malocclusion with 
minimal negative overjet. The anterior crossbite 
was corrected before placing the first rectangular 

archwire: 0.017x0.025-inch TMA. Furthermore, Class 
II elastics were used during mandibular posterior 
space closure to protract the molars, and prevent 
lingual tipping of the lower incisors. In retrospect, 
standard-torque brackets were indicated for the 
maxillary incisors to increase the U1 to SN angle 
(105.5˚ pretreatment, see Table 1), and high-torque 
brackets were a better choice for the lower arch to 
increase the L1 to MP angle (85˚ compared to norm 

90˚).17

Space Closure Without Elastics 

The extraction site for the upper right second 
premolar closed spontaneously during the initial 
alignment phase. More than half of the space 
closure appeared to be due to mesial movement 
of the upper right first molar (Fig. 16). Low bone 
density and the tripod configuration of the roots are 
conducive factors for mesial drift of maxillary molars 
into edentulous spaces.18-19 The actual forces exerted 
on the maxillary right first molar to produce mesial 
migration are unknown, but it is well established 
that first molars move mesially into edentulous 
spaces as the second and third molars erupt.16,18,19 

Frenum and Tooth Position 

Soft tissue posture is an important etiologic factor 
in malocclusion and longterm stability,20 because 
light continuous forces are effective for eliciting 
tooth movement.21 Resting posture of the lips, 
tongue and cheeks exert constant light forces on 
the dentition.20,21 Net forces on the buccal and 
lingual surfaces result in an equilibrium zone where 
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tooth position is stable. Orthodontic therapy moving 
teeth outside the boundaries of the equilibrium 
zone is subject to relapse unless there is permanent 
retention.22,23 The etiology of some malocclusions are 
attributed to the constant force of tongue posture, 
but not to short duration tongue thrusting.16,20,21 

Evaluating all functional forces is important for 
establishing the etiology of a malocclusion, and 
effectively correcting it. For instance, open bites 
are typically tongue posture problems, and the 
abnormal posture must be corrected to achieve a 
stable result.16,20

A hypertrophic maxillary frenum may be the 
etiologic factor in some midline diastemas.24,25 

Sometimes the diastema closes spontaneously 
after frenectomy,26 but it is more predictable to 
combine frenectomy with concomitant orthodontic 
treatment to close the space.24 Proffit16 recommends 

frenectomy after the orthodontic treatment, and 
only if there’s a tendency for the diastema to reopen, 
due to excessive soft tissue mass in the midline area. 
The asymmetric midline problem for the current 
patient (Figs. 2 and 3) is associated with tipping of 
the maxillary central incisors. If crossbite correction 
does not solve the problem, unilateral intermaxillary 
elastics are indicated.

Distal Tipping of Mandibular Second Molar During 
Retention Period 

At the four-year recall after active treatment, the 
mandibular second molar roots were displaced 
mesially, apparently due to pressure associated 
with development of the adjacent third molars 
(Figs. 17 and 18). There is no clear consensus that 
developing third molars have any influence on 
crowding of lower incisors,27 but a direct effect on 

 █ Fig. 16: 
The position of the upper right first molar is compared in standardized intraoral photographs immediately after bracket bonding (0M) and 
eight months (8M) later, respectively. Utilizing the incisive papilla as landmark, the mesial drift of the upper right 1st molar is shown by a blue 
and green lines that define the length of the extraction site at the start of treatment. Although there was some distal drift of the first premolar, 
the extraction site was closed in 8 months primarily by mesial drift of the molar. 

0M 8M
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1Y FU

3Y FU

4Y FU

the axial inclination of the adjacent second molar is 
highly probable (Fig. 17). It is not justified to extract 
lower third molars for prevention of lower incisor 
crowding, but when the impactions are mesially 

inclined, orthodontic alignment or extraction is 
indicated to prevent localized problems (Figs. 17 and 

18). Extraction of both mandibular third molars was 
suggested to avoid further alignment problems, 
as well as to control the risk of periodontal disease 
and caries.

Relationship Between Relapse and Treatment Time

Over a century ago, Angle28 suggested that relapse 
was related to how rapidly a malocclusion was 
corrected. Theoretically, slow tooth movement 
allows for more physiologic reorganization of the 
supporting tissues as the malocclusion is corrected.23 
Since the present severe malocclusion (DI=27) was 
corrected in only 16 months, it was wise to plan a 
rigorous retention phase to provide adequate time 
for remodeling of supporting bone18 and soft tissue 
reorganization.23 It is unclear if prolonged wear of 
retainers increases longterm stability, so continuing 
the night-time wear of the clear overlay retainers was 
recommended indefinitely. The patient should be 
educated that it is wise to retain acquired desirable 
traits to avoid the necessity for retreatment. 

For Class III patients, late mandibular growth is a 
significant concern,5,8 which cannot be controlled 
with intraoral retainers. It is important to follow up 
Class III treatment until the adult years. The occlusal 
and facial results were well-maintained during four 
years of follow-up until the patient reached about 22 
years of age. Significant late mandibular growth was 
not observed.

 █ Fig. 17: 
Panoramic radiographs at one-year (1Y FU), three-year (3Y FU), and 
four-year (4Y FU) follow-up show mesial movement of the lower 
second molar roots, apparently due to pressure from the impacted 
lower third molars. Note that root movement was greatest on the 
side with the most horizontal orientation of the impaction. 
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Conclusions

1. Uncomplicated anterior crossbite with moderate 
crowding can be effectively treated with posterior 
bite turbos and light archwires in PSL brackets. For 
more severe sagittal discrepancies, the addition of 
early light short Class III elastics may be indicated. 

2. Bracket torque selection depends on a careful 
assessment of the original malocclusion relative 
to the treatment plan. Low torque brackets in the 
maxillary anterior are indicated if substantial use 
of Class III elastics is anticipated.

3. Post-treatment retention is an integral part of 
comprehensive treatment. 

4. Soft tissue posture and unerupted third molars are 
important factors in the etiology of malocclusion. 
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