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Abstract

BACKGROUND

Bimaxillary protrusion is a clinically common dentofacial deformity, particularly
among Chinese patients. This kind of malformation can severely affect facial
esthetics and, even in mild cases, is difficult to correct without surgery.
Unfortunately, many patients abandon treatment because of fear of surgery. Here,
we describe a case of severe skeletal bimaxillary protrusion treated with
nonsurgical orthodontic treatments, highlighting an alternative treatment option.

CASE SUMMARY

A 31-year-old woman wished to address a severe protrusion profile
(approximately 8 mm overbite) and gummy smile. Cephalometric analysis and
superimposition showed a severe skeletal class II pattern with a mandibular
retrusion, and proclined and protrusive mandibular incisors. Panoramic
radiograph showed a missing mandibular right third molar. A diagnosis of severe
bimaxillary dentoalveolar protrusion was made. Taking into account the patient’s
fear of orthognathic surgery, she accepted the proposed alternative treatment
using micro-implants and a self-made four-curvature torquing auxiliary. The
treatment allowed for maximal en masse anterior tooth retraction, proper
relocation of incisors, and alleviation of the skeletal class II pattern. Esthetically,
the patient’s lip protrusion was significantly decreased as was the overjet (from
10.5 mm to 1.8 mm), and the results remained stable throughout the 2-year follow-

up.
CONCLUSION

this paper. . . . . .
Nonsurgical treatment using micro-implants and a four-curvature torquing
auxiliary may benefit severe cases of skeletal bimaxillary protrusion in adults.
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Core Tip: Nonsurgical orthodontic treatments can benefit cases of severe skeletal
bimaxillary protrusion in adults who fear the traditional orthognathic surgical
procedures. Success of such nonsurgical alternatives will depend on control of four key
factors, namely, maximal en masse anterior tooth retraction, proper relocation of the
incisors, ultimate alleviation of the skeletal class II pattern, and sufficient treatment
time. Using such an approach, with micro-implants and a self-made four-curvature
torquing auxiliary, we significantly decreased a patient’s severe lip protrusion and
overjet, with results remaining stable through the 2-year follow-up.

Citation: Liu R, Hou WB, Yang PZ, Zhu L, Zhou YQ, Yu X, Wen XIJ. Severe skeletal
bimaxillary protrusion treated with micro-implants and a self-made four-curvature torquing
auxiliary: A case report. World J Clin Cases 2021; 9(3): 722-735

URL: https://www.wjgnet.com/2307-8960/full/v9/i3/722.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i3.722

INTRODUCTION

Bimaxillary protrusion is a common dentofacial deformity encountered in clinical
practice, particularly in Chinese patients. This kind of malformation not only results in
functional problems but also severely affects facial esthetics and, consequently, the
self-esteem of the afflicted individual. The presence of bimaxillary protrusion is
generally associated with a strong desire to change the facial profile that is perceived
as unattractive. However, it is difficult for orthodontists to completely correct severe
bimaxillary dentoalveolar protrusion without surgery, especially in cases that also
present chin retraction or skeletal class II profile.

Currently, a combination approach of orthodontics and orthognathic surgery is the
most efficient treatment option for improving the facial profile of patients with severe
bimaxillary dentoalveolar protrusion. Although, many patients fear the surgery and
deny or drop out of the treatment process. Micro-implants are widely considered the
best tools to provide absolute anchorage for orthodontics. Application of micro-
implants has proven to be a convenient method to achieve maximal retraction of
protrusive anterior teeth, representing an alternative to surgery for patients with
severe skeletal bimaxillary protrusion who are unwilling to undergo surgery!?. Micro-
implants have also been shown to provide stable and efficient anchorage, thereby
protecting against mesial movement of the molars®™. It has also been reported that
micro-implants can facilitate whole arch distalization!”!. Indeed, more and more
orthodontic procedures that benefit patients with severe bimaxillary protrusion may
be carried out with micro-implants, bypassing the need for surgery..

Despite the successful applications of micro-implants in bimaxillary protrusion
patients (i.e., significantly increasing the retraction of anterior teeth), a new challenge
arose in incisor torque control. The long-distance retraction, unfortunately, results in
linguoclination of the incisors, negating the improvement in facial esthetics. Herein,
we report the nonsurgical treatment of an adult female patient with severe
dentoalveolar protrusion, using micro-implants and a self-made four-curvature
torquing auxiliary, respectively, to control the molars” anchorage and incisors’ torque.
Ultimately, the patient’s lip protrusion was significantly improved and an ideal lateral
profile was obtained, highlighting the potential benefit that this alternative
nonsurgical option may provide for individuals with this type of dentofacial
deformity.
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CASE PRESENTATION

Chief complaints
A Chinese woman, aged 31 years and 1 mo, presented to our clinic on July 1, 2013 with
the chief complaints of a severe protrusion profile and gummy smile.

History of present illness
The patient reported having recently noticed her protrusion profile, citing a negative
effect on her self-esteem and a strong desire to correct her facial profile.

Physical examination

Clinical examination revealed the presence of dentoalveolar protrusion and full class II
molar relationships, with an overjet of 10.5 mm (Figures 1 and 2). A deep overbite
(approximately 8 mm) was also found. The left first premolar and second molar had
positive crossbite. There was almost no crowding in either arch and no obvious
temporomandibular joint disease was found.

Imaging examinations

Model analysis and imaging examinations: Model analysis showed arch length
discrepancies of 0.0 mm on the maxillary arch and -1.5 mm on the mandibular arch
(Figure 2A). Bolton’s indexes were 76.90% for the anterior ratio and 89.56% for the
overall ratio, both of which were slightly lower than the normal reference range
(78.80% +1.72% and 91.50% * 1.51%, respectively). The Spee’s curve was 5.0 mm in the
mandibular arch.

The cephalometric analysis and superimposition were performed with Uceph
software (Online version 3.1.1, build 508; Sichuan University, Chengdu, China). The
data (summarized in Table 1) indicated a severe skeletal class II pattern with a
mandibular retrusion, proclined and protrusive mandibular incisors, and protrusive
upper and lower lips. Panoramic radiography showed the mandibular right third
molar to be missing (Figure 1).

FINAL DIAGNOSIS

Dental and skeletal class II bimaxillary protrusion; gummy smile; severe deep overjet
and overbite; mandibular retrusion; tooth midline inconsistency; left first premolar
and second molar positive crossbite.

TREATMENT

The following four treatment alternatives were devised and proposed to the patient.

Treatment 1

The first treatment option was the most traditional, involving a combination of
orthodontics and orthognathic surgery to improve the facial profile. Alignment and
leveling would first be achieved by orthodontic appliances, after which an anterior
segmental osteotomy combined with two upper first premolar extractions would be
performed in the single maxilla. The orthodontic treatment would then resume to
achieve a functional intercuspal occlusion and sustainable full class II relationships for
the bilateral molars.

Treatment 2

The second treatment option also used the traditional approach of combined
orthodontics and orthognathic surgery to improve the facial profile. The only
difference was that both jaws would undergo an anterior segmental osteotomy
combined with extraction of the four first premolars and simultaneous bilateral
sagittal split ramus osteotomy (the latter to advance the mandible). Ultimately, the
skeletal class II and full class II molar relationships would be corrected to class L.

Treatment 3
The third treatment option excluded the traditional surgical approach and relied on
orthodontics with extraction of the two upper first premolars. Two micro-implants
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Measurement Norm*  Pretreatment :ﬁ;:ll':: (j:?‘e Progress | Progress Il Posttreatment Retention
sD (July 2013) 2014) (Oct, 2015) (Sep, 2016) (Jun, 2017) (Mar, 2019)
SNA 828+40 825 82.0 81.0 81.0 80.5 80.5
SNB 80139 710 76.0 725 725 725 72.6
ANB 27420 115 6.0 85 8.5 8.0 7.9
SND 773+38  70.0 73.0 70.0 71.0 71.0 713
U1-NA (mm) 51+24 50 6.8 0.7 18 2.0 18
U1-NA 28+57 257 31.1 6.0 8.0 10.0 95
L1-NB (mm) 67+21 100 13.6 6.4 7.2 6.5 6.0
L1-NB 303+58 307 45 29.0 245 24.0 245
UI-L1 1242+82 116.0 95.5 136.0 139.0 135.0 137.9
GoGn-SN 325+52 334 33.8 33.1 33.7 33.0 333
SE 202426  17.9 17.1 20.0 17.0 17.0 16.5
SL 521+54 443 40.1 38.6 36.0 36.0 36.5
FMA 313+50 310 31.6 31.1 305 303 305
FMIA 549+61  46.0 34.0 45.0 52,0 52,0 532
IMPA 939462  103.0 114.0 102.0 98.0 98.0 9.5
UL-EP (mm) 1.0+£20 7.0 6.8 24 0.2 0.7 0.7
LL-EP (mm) 1.0£10 40 21 05 0.8 12 1.3
Pog-Pog' (mm) 99+21 142 14.6 16.8 16.4 16.7 17.1
Gn-Gn' (mm) 60+22 45 6.0 6.6 73 7.7 83
Me-Me' (mm) 65+21 65 63 7.1 6.3 6.6 6.8

ANB: Point A-nasion-point B; EP: E plane; FMA: Frankfort to mandibular plane angle; FMIA: Frankfort mandibular incisor angle; Gn: Mandibular unit

length; GoGn: Angle between the SN planes and mandibular plane: IMPA: Angle between the long-axis of the mandibular incisors and mandibular plane;

L1: Lower incisor; LL: Lower lips; Me: Facial unit height; NA: Nasion to point A; NB: Nasion to point B; Pog: Pogonion; SE: Cranial suture between the
sphenoid bone and ethmoid bone; SL: Sublabialis; SN: Sella-nasion plane; SNB: Sella-nasion-B point; SND: Sella-nasion-D point; Ul: Upper incisor; UL:

Upper lips.
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would be used to avoid molar mesialization and maximize the retraction of the upper
anterior teeth. By this option, the bilateral full class II molar relationships would be
maintained and class I canine relationships would be established.

Treatment 4

The fourth treatment option excluded the traditional surgical approach, similar to
option 3, relying on orthodontics but with extraction of the four first premolars. Four
micro-implants would be used to provide an absolute anchorage and to maximize the
retraction of both upper and lower anterior teeth, especially in the maxillary arch. In
this approach, advancement of the mandibular arch and distalization of the upper
whole arch would also be required to reduce the anteroposterior skeletal discrepancy
and establish the class I molar relationship.

Patient selection of treatment option

The patient cited her fear of orthognathic surgery in her selection of treatment option
4.

Treatment progress

Before the orthodontic treatment portion began, three third molars were extracted. The
0.022-inch preadjusted brackets were bonded to the maxillary teeth, excluding the
second molars. A series of superelastic nickel-titanium alloy archwires (0.012-inch,
0.016-inch, 0.016-inch x 0.022-inch) were used for the initial leveling and aligning. At 6
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Figure 1 Pretreatment appearance. A: Facial photographs; B: Intraoral photographs; C: Radiographs.
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mo later, a removable anterior inclined plane was used to advance the mandible and
release the bite lock of the positive crossbite of the left first premolars and second
molars. At the same time, the 0.022-inch preadjusted brackets were bonded to the
mandibular teeth, including the left second molar. Another 6 mo later, use of the
anterior inclined plane was stopped, when both arches had achieved leveling by 0.019
x 0.025-inch stainless steel wires (Figure 3). At this time, the positive crossbites of the
left first premolars and second molars were corrected and the deep overbite and
overjet were significantly improved.

In the 14" month of treatment, the patient was referred for extraction of the four first
premolars. At 1 mo post-extraction, four micro-implants (1.4 mm x 8 mm; Ormco,
Orange, CA, United States) were placed between the second premolars and first
molars in each quadrant. Another 1 mo later, the en masse retraction of the anterior
teeth was initiated with 3.5-ounce orthodontic rubber bands (5/16) being applied from
the micro-implants to short hooks fixed on the wire between the lateral incisor and the
canine in each quadrant. Bilateral class II elastics were used simultaneously to
continue advancement of the mandible and help establish the class I molar
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Figure 2 Dental casts. A: Pretreatment; B:
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Posttreatment.

relationship.

In the 27"month of treatment, the extraction spaces had closed by about 3/4
(Figure 4). However, the maxillary incisors were found to be seriously up-righted. In
order to prevent the up-righted maxillary incisors becoming worse, a self-made four-
curvature torquing auxiliary was used in the following treatment of en masse
retraction. The following 11 mo of treatment ended with all the extraction spaces
becoming closed (Figure 5).

The total treatment duration was 48 mo. After removal of all the fixed appliances
(Figures 2B and 6), a Hawley retainer was prescribed for 24 h/d use for 6 mo followed
by nightly use for about 2 years.

OUTCOME AND FOLLOW-UP

In the retention stage, the patient attended follow-up visits once every 3 mo; the
results at the end of 2 years of follow-up are shown in Figure 7. The patient reported
being “very satisfied” with her post-treatment lateral profile, with the lip protrusion
being significantly decreased (Figures 6 and 8A). The appearance was similar to that
achieved by traditional orthognathic surgery. The final overjet decrease was
substantial, from 10.5 mm to 1.8 mm (Figure 2B). The canines and molars achieved
class I relationships on the left. In contrast, however, the class II relationships on the
right were not completely corrected, and midlines retained an approximately 1.5 mm
discrepancy.

The soft tissue profile changes achieved by the orthodontic treatment were
remarkable (Figures 1 and 6). An ideal chin contour was obtained, as the upper lip to
E-line distance was significantly decreased as was the lower lip to E-line distance
(Table 1). The soft tissue thickness of the chin was also increased (Figure 8B and D, and

WJCC | https://www.wjgnet.com 727 January 26,2021 | Volume9 | Issue3 |



Liu R et al. Nonsurgical treatment of skeletal bimaxillary protrusion

Figure 3 Appearance during treatment, after leveling and alignment. A: Facial photographs; B: Intraoral photographs; C: Radiographs.
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Table 1).

The incisor protrusion and torque varied greatly throughout the treatment period,
as shown by the cephalometric measurements (Table 1) and the superimposition
modeling (Figure 8B-E). The incisor protrusion and torque were increased at the initial
stage of the teeth alignment and leveling. With the four premolars extracted and
anterior teeth en masse retracted, the nasion to point A and nasion to point B
measurements for the upper incisor and lower incisor were dramatically decreased at
the progress I stage (Figure 4 and Table 1). In contrast, the up-righted result of the
maxillary incisors was undesirable. In order to deal with this problem, a self-made
four-curvature torquing auxiliary was used over the following 22 mo, resulting in a
great improvement, even in the anterior teeth retraction stage. The cephalometric
superimposition (Figure 8D) showed that the sagittal anchorage was well controlled,
with only slight mesial movement detected in the mandibular molars.

Skeletal changes were also achieved. The skeletal class II correlation was greatly
improved, with the point A-nasion-point B (ANB) angle sufficiently decreased
(Table 1). The ANB angle remarkably decreased at the beginning stage of leveling and
aligning because of the use of a removable anterior inclined plane, stabilizing at
approximately 8.0°. The Sella-nasion-point B (SNB) angle increased initially, then
decreased and stabilized at approximately 72.5°. The underlying reason for this
outcome likely involved the forward movement of the mandibular position (achieved
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Figure 4 Appearance during treatment, at progress | stage after extraction of the four first premolars. A: Facial photographs; B: Intraoral
photographs (black arrows indicate the self-made four-curvature torquing auxiliary); C: Radiographs.

by the removable anterior inclined plane) being instable and partly relapsing. The
mandibular plane angle, however, was well maintained, as the angle between the SN
planes and mandibular plane (known as GoGn-SN) and the Frankfort to mandibular
plane angle (commonly referred to as FMA) remained stable throughout the entire
treatment (Table 1).

The latest follow-up visit occurred at 2-year post-treatment (Figure 7) and the
results were found to be stable (Figure 8E). The collective data from this case
presentation through treatment follow-up (i.e. photographs, cephalometric analysis,
and superimposition) showed that the combination approach of micro-implants and a
self-made four-curvature torquing auxiliary is efficient and a feasible alternative
option for patients who fear surgery but seek to correct their skeletal bimaxillary
protrusion.
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Figure 5 Appearance during treatment, at progress Il stage after extraction of the four first premolars. A: Intraoral photographs (black arrows
indicate the self-made four-curvature torquing auxiliary); B: Radiographs.
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DISCUSSION

Esthetic correction of facial profile is a common desire expressed by patients with
bimaxillary protrusion. Lip protrusion, chin morphology, and mentolabial sulcus
depth are considered the key parameters correlated to facial esthetics!’l. In our case
report, the patient initially presented a complaint of inaesthetic appearance, due to
large lip protrusion, severe chin retraction, and deep overjet. After nonsurgical
treatment using micro-implants and a self-made four-curvature torquing auxiliary, the
protrusion of the upper and lower lips was significantly retracted. An ideal chin
morphology and excellent facial balance were also achieved. In evaluating the
measurable changes of hard and soft tissues before and after treatment, we identified
four factors of importance to the final outcome.

The first factor was the absolute anchorage facilitated by the micro-implants. As we
know, preventing the mesial movement of molars is crucial in treatment of severe
skeletal bimaxillary protrusion; it is necessary that the whole extraction space can be
used for the maximal retraction of anterior incisors. In the past, it was difficult to
obtain absolute anchorage with the various conventional anchorage devices that were
applied in clinic. The advent of temporary skeletal anchorage devices, such as mini-
implants and mini-screws, has overcome this problem!. In our patient, the sagittal
anchorage was well controlled, as evidenced by the cephalometric superimpositions
and the no or little mesial movement that was detected in the molars of both jaws.
Almost the entirety of each extraction space was used for the anterior teeth retraction.
The outcomes of our case further confirm that micro-implants are a reliable anchorage
tool. With the help of micro-implants, more and more clinicians can devise and
implement effective nonsurgical orthodontic treatment of patients with severe skeletal
bimaxillary protrusion. It is important to note here that obtaining absolute anchorage
is not the be-all-end-all aim of nonsurgical treatment of severe skeletal bimaxillary
protrusion.
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Figure 6 Posttreatment appearance. A: Facial photographs; B: Intraoral photographs; C: Radiographs.
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Proper relocation of the incisor position is the second crucial factor to obtain a good
lateral profile; this is because the function of the upper and lower lips mainly depends
on incisor position, especially the upper incisor position!l. Incisor relocation and the
subsequent lip retraction may have remarkable influence on the subjective facial
esthetics of bimaxillary protrusion patients®”. Although the maximal retraction of
anterior teeth becomes easier, and even the whole arch distalization could be achieved
with micro-implants, it is still perplexing to orthodontists why some patients obtain a
good lateral profile while others do not!""'". It is possible that the improper relocation
of maxillary and mandibular incisors is the answer that the perplexed orthodontists
should focus on. In our patient, the anterior incisors were greatly retracted in the
initial stage of space-closing, as four micro-implants were used. Undesirably, however,
the maxillary incisors were seriously up-righted, which proved an obstacle to further
improvement of the lateral profile. The presence of up-righted maxillary incisors,
namely, the clockwise rotation of the incisor axis itself, meant that the roots of the teeth
would eventually become more protrusive, preventing adequate upper lip retraction.
Moreover, this compelled the lower jaw to shift further back and the chin morphology
to become worse. We solved this problem by the subsequent use of a self-made four-
curvature torquing auxiliary, which proved an efficient tool to reverse the up-righted
maxillary incisors during the en masse retraction stage. Compared with some torque
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Figure 7 Appearance at 2-year follow-up. A: Facial photographs; B: Intraoral photographs; C: Radiographs.
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control methods reported previously!>"” (such as high-torque appliances, reverse-
curve arch, and positive or negative torque pre-adjusted in stainless steel rectangular
wire), the self-made four-curvature torquing auxiliary used in this case report has a
much longer arm of force that significantly facilitates the incisor torque expression.
Besides, it could meet the different incisor torque expression needs of individual
patients by changing its force sizes and treatment time.

The third factor important for improvement of facial esthetics is alleviation of the
skeletal class II relationship. It has been reported that patients with bimaxillary
protrusion generally display a mild class II skeletal pattern'*'”l. The retrusive chin
makes the lip protrusion more visibly obvious, further worsening the lateral profile. In
our patient, the ANB angle was 11.5° before treatment, displaying a serious skeletal
class II pattern. This increased the difficulty of correction without orthognathic
surgery. Our treating orthodontists recognized that a maximal incisor retraction was
needed in conjunction with good incisor torque control. Without such, the long
distance of retraction could easily result in maxillary incisor up-right or lingual
inclination, which would compel the lower jaw to draw back and worsen the skeletal
class II pattern. This phenomenon has been reported by Mukaida ef al"”, whose patient
achieved a 1° increase in ANB angle (from 4.5° to 5.5°) and 28° decrease in Ul-
Frankfort horizontal (referred to as FH) angle (from 128° to 100°) by the end of

WJCC | https://www.wjgnet.com 732 January 26,2021 | Volume9 | Issue3 |



Liu R et al. Nonsurgical treatment of skeletal bimaxillary protrusion

Figure 8 Facial profile photographs and cephalometric superimpositions. A: Tracing comparison of facial profile photographs at the five different
stages of pretreatment, leveling and aligning, progress |, posttreatment, and 2-year follow-up; B: Superimposition at the five stages; C: Superimposition at
pretreatment (black) and leveling and aligning (green); D: Superimposition at pretreatment (black) and posttreatment (red); E: Superimposition at pretreatment (black)
and 2-year follow-up (blue, showing retention).

treatment. Similar results were reported by both Kook et al"", whose patient achieved a
2° increase in ANB angle (from 3.5° to 5.5°) and 35° decrease in U1-FH angle (from
135° to 100°), and Chung et al'”!, whose patient achieved a 1° increase in ANB angle
(from 4.3° to 5.3°) and 18.1° decrease in the angle between the long axis of the
maxillary central incisor and the nasion point (referred to as Mx1-NA) (from 17.3° to -
0.8°). This undesired result greatly offsets the lateral profile improvement that would
otherwise have resulted from the anterior incisors’ retraction. In our case, the ANB
angle was not only increased but remarkably decreased (by 3.5°), contributing to the
perfect lateral profile at post-treatment. Alleviation of the skeletal class II relationship
would be better if the self-made four-curvature torquing auxiliary was used at the
beginning of the extraction space-closing. Thus, the decrease of the upper incisor-
nasion angle would be smaller and leave more space for the lower jaw to move
forward. Besides, the decrease of the ANB angle was partly due to the reconstruction
of point A (the SNA angle: From 82.5° at pretreatment to 80.5° at post-treatment)
resulting from the maximal en masse retraction of anterior teeth. Of course, further
studies are needed to reveal the mechanism that underlies the alleviation of skeletal
class II relationship in adult patients.

The fourth factor involves having sufficient time in which the treatment can achieve
alveolar bone remodeling, which we believe was essential for our patient to obtain the
satisfactory lateral profile. If the speed of incisor retraction is too fast, the labial
alveolar bone remodeling will fail to keep with the upper lip, hindering retraction of
the latter. In a report by Mimura ef all¥, the active treatment time was about 20 mo.
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Their patient’s upper anterior teeth were well intruded and retracted but the maxillary
alveolar process failed to remodel and leave behind a prominent labial ridge of bone,
which prevented decrease of the upper lip protrusion. An alveoloplasty had to be
carried out at the end of orthodontic treatment, to recontour the labial bone and the
incisive fossae. This kind of unusual bony change in the maxillary alveolar process
during orthodontic treatment has also been reported by others!". For our case, the
active treatment time was 48 mo, which provided sufficient time for the alveolar bone
to remodel. Therefore, there was no labial bone ridge or unusual bony outgrowth in
our patient.

CONCLUSION

A surgery was avoided and an excellent lateral profile was obtained in our adult
patient with severe bimaxillary protrusion, skeletal class II, and chin retraction. The
overall case data indicated that the combination of micro-implants and our self-made
four-curvature torquing auxiliary provided an alternative feasible option for cases of
severe bimaxillary protrusion in patients who fear surgery. If the four key factors are
well controlled —namely, maximal en masse anterior tooth retraction, proper relocation
of incisors, alleviation of skeletal class II pattern, and sufficient treatment time —we
can devise and implement more nonsurgical orthodontic treatments for adult patients
with severe skeletal bimaxillary protrusion.
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