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The treatment of skeletal Class 111 malocclusion in adolescents is challenging.
Maxillary protraction, particularly that using bone anchorage, has been proven
to be an effective method for the stimulation of maxillary growth. However, the
conventional procedure, which involves the surgical implantation of mini-plates,
is traumatic and associated with a high risk. Three-dimensional (3D) digital
technology offers the possibility of individualized treatment. Customized mini-
plates can be designed according to the shape of the maxillary surface and the
positions of the roots on cone-beam computed tomography scans; this reduces
both the surgical risk and patient trauma. Here we report a case involving a
12-year-old adolescent girl with skeletal Class 111 malocclusion and midface
deficiency that was treated in two phases. In phase 1, rapid maxillary expansion
and protraction were performed using 3D-printed mini-plates for anchorage.
The mini-plates exhibited better adaptation to the bone contour, and titanium
screw implantation was safer because of the customized design. The orthopedic
force applied to each mini-plate was approximately 400-500 g, and the plates
remained stable during the maxillary protraction process, which exhibited
efficacious orthopedic effects and significantly improved the facial profile and
esthetics. In phase 2, fixed appliances were used for alignment and leveling of
the maxillary and mandibular dentitions. The complete two-phase treatment
lasted for 24 months. After 48 months of retention, the treatment outcomes
remained stable.
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INTRODUCTION

Skeletal Class 111 malocclusion is relatively common,
particularly in the Asian population.' More than 50% of
patients with skeletal Class 111 malocclusion exhibit max-
illary deficiency,” which can be efficiently corrected by
maxillary protraction in growing children. However, con-
ventional maxillary protraction procedures that use the
teeth and palate for anchorage can result in some dental
effects such as increased proclination of the maxillary
anterior teeth, increased retroclination of the mandibu-
lar anterior teeth, and extrusion and mesial drifting of
the maxillary molars.’

Some studies have reported the use of mini-plate
anchorage for better skeletal effects."” However, for ad-
aptation to the bony contour, conventional mini-plates
need to be bent manually during the surgery. This leads
to inaccuracy and increases the surgical duration.® More-
over, the distance between the holes on conventional
mini-plates is fixed, and it is difficult to determine 2-3
safe points for mini-screw insertion at a certain distance.
In previous studies, mini-plates were usually implanted
on the infrazygomatic crest or the lateral nasal wall,
high above the root apices for the prevention of root
damage. However, surgical visualization was poor and a
large incision was required.”® Therefore, this procedure
is complicated and traumatic and associated with a high
risk.

Some researchers have studied the use of individual-
ized titanium mini-plates for maxillary and mandibular
orthognathic surgeries.”’® However, there are few reports
on the use of customized mini-plates in orthodontic
treatment. Here we report a case involving a 12-year-old
adolescent girl with skeletal Class 111 malocclusion and
a concave facial profile that was treated in two phases.
In phase 1, rapid maxillary expansion (RME) and pro-
traction were performed using three-dimensional (3D)-
printed mini-plates for anchorage. The customized mini-
plates were designed such that they avoided the roots
and precisely adapted to the bone contour. Thus, the
risk associated with implant surgery was decreased. In
phase 2, fixed appliances were used for alignment and
leveling of the maxillary and mandibular dentitions.

DIAGNOSIS AND ETIOLOGY

A 12.5-year-old adolescent girl who experienced
menarche at the age of 12 years presented with chief
complaints of anterior crossbite and poor facial esthet-
ics. She had no history of systemic disease and no family
history of Class 111 characteristics. The patient’s mother
mentioned that her self-confidence was affected by
her facial appearance. Extraoral examination revealed
midface deficiency with a concave profile. Mandibular
asymmetry was observed in the frontal view, with devia-
tion of the mandibular midline to the right by 2 mm.
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Figure 1. Pretreatment facial
and intraoral photographs for
an adolescent girl with skel-
etal Class Ill malocclusion and
midface deficiency.
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Intraoral examination revealed Class 111 occlusion and
anterior crosshite, which became an edge-to-edge bite
on retrusion. Moderate crowding was present in the
maxilla, and the left canine was displaced from its nor-
mal position. The mandibular midline was deviated to
the right by 2 mm (Figure 1).

Dental models showed moderate crowding in the
maxillary dentition, with a Class 111 occlusal relation-
ship between the maxillary and mandibular teeth and
anterior crossbite. A panoramic radiograph (Figure 2)
showed that the alveolar bone height was normal, and
that all four third molars were developing. There was a
high-density shadow in the right maxillary sinus, which
probably implied inflammation. A hand-wrist radiograph
indicated a post-pubertal growth spurt.

Cephalometric analysis indicated skeletal Class 111 mal-
occlusion with maxillary deficiency (ANB, —3.5°%; SNA,
75.9°; SNB, 79.4°). The mandibular plane angle was
normal (FMA, 25.5°). The maxillary anterior teeth were
proclined (U1-SN angle, 114.0°) and the mandibular an-
terior teeth were retroclined (IMPA, 86.2°; Figure 2 and
Table 1). Description of the measurements used in this
study are depicited in Table 1.

TREATMENT OBJECTIVES

1. Stimulation of maxillary growth and moderation of

Figure 2. A pretreatment panoramic radiograph (A),
hand-wrist radiograph (B), and lateral cephalogram (C)
for an adolescent girl with skeletal Class Ill malocclusion
and midface deficiency.
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the skeletal discrepancy

2. Elimination of the anterior crossbite and achieve-
ment of a Class 1 occlusion

3. Adjustment of the overjet and overbite to a normal
range

4. Alignment and leveling of the maxillary and man-
dibular arches and adjustment of the midline

5. Achievement of an esthetic appearance by improv-
ing the concave facial profile

TREATMENT ALTERNATIVES

Considering the skeletal discrepancy, three treatment
options were presented to the patient: fixed orthodon-
tic treatment, combined orthodontic and orthognathic
treatment, and orthopedic treatment. Fixed orthodontic
treatment would not improve the lateral profile. Surgery
was deemed inappropriate because the patient’s mental
health was affected by her appearance, and the patient
and her parents were not willing to wait for a long pe-
riod of time. Orthopedic treatment was likely to promote
maxillary growth and improve the patient’s lateral pro-
file.

Conventional tooth-borne maxillary protraction has
been recommended for the achievement of skeletal ef-

Table 1. Findings of lateral cephalogram analyses before
and after facemask therapy for an adolescent girl with
skeletal Class Ill malocclusion and midface deficiency

After

Measurement Pretreatment tt':::tl:lnzsnl(t trel;(t):::en t
SNA (°) 75.9 78.9 79.1
SNB (°) 79.4 81.1 81.5
ANB () -35 2.2 24
A-Na perp (mm) -1.57 0.73 0.84
FMA (°) 25.5 25.0 25.1
SN-GoGn (°) 34.4 34.0 34.1
PP-SN (°) 12.2 14.3 13.08
U1-PP (°) 127.3 128.5 133.1
U1-SN () 114.0 117.0 121.2
IMPA (°) 86.2 86.5 81.1

SNA, Sella-nasion-A point; SNB, sella-nasion-B point; ANB,
A point-nasion-B point; A-Na perp, distance from A point
to a line perpendicular to the Frankfort horizontal plane
passing from the nasion point; FMA, Frankfort-mandibular
plane angle; SN-GoGn, angle between sella-nasion and
gonion-gnathion; PP-SN, angle between the palatal plane
and sella-nasion; U1-PP, angle between the maxillary incisor
and palatal plane; U1-SN, angle between the maxillary
incisor and sella-nasion; IMPA, lower incisor to mandibular
plane angle.
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fects in patients younger than 10 years." However,
bone-anchored maxillary protraction (BAMP) is often
applied after eruption of the maxillary permanent ca-
nines, which normally occurs at approximately 11-12
years of age, and it can result in remarkable skeletal
changes.”®'”"> Qur patient was over 12 years of age.
Moreover, the anterior teeth showed compensatory in-
clination and the maxillary dentition was very crowded.
Therefore, we decided to perform maxillary protraction
using mini-plates for anchorage.

Before implantation, we could clearly determine the
bone thickness, bone density, and root positions on
cone-beam computed tomography (CBCT) images. Ac-
cordingly, individualized mini-plates were designed such
that they avoided the roots and precisely adapted to
the bone contour. These customized mini-plates do not
require manual bending and naturally adapt to the cor-
tical bone surface, thus helping in reducing the surgical
duration. Moreover, the distance between the holes on
these plates is not fixed, and independent safe areas be-

tween the roots can be chosen at a near or far distance.
A Tower implant position facilitates better visualization
during surgery and requires only a small incision, which
is nearly as long as the length of the mini-plate, under
local anesthesia.

We anticipated that facemask therapy would decrease
the maxillomandibular skeletal discrepancy. This therapy
was approved by the Institutional Review Board (IRB) of
Beijing Stomatological Hospital, Capital Medical Uni-
versity (IRB number: CMUSH-IRB-KJ-PJ-2017-04F) and
the written informed consent was obtained from the
patient. Because she was experiencing a post-pubertal
growth spurt and had experienced menarche 6 months
back, she had missed the best timing for facemask
therapy. We explained to her parents that orthognathic
treatment would be needed if maxillary growth could
not be adequately stimulated or if maxillary growth was
drastically exceeded by mandibular growth.

Following a discussion, the patient and her parents
refused surgery and expressed a desire for quicker treat-

Figure 3. Design of custom-
ized titanium mini-plates for
anchorage during facemask
therapy for an adolescent girl
with skeletal Class Ill maloc-
clusion and midface deficiency.
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ment to improve her facial esthetics. Eventually, they
opted for maxillary protraction as a more reliable treat-
ment option and accepted the fact that she could re-
quire orthognathic surgery as she grew older.

TREATMENT PROGRESS

Preoperative CBCT was performed with the mandible
in a retruded position.

In phase 1, treatment was initiated with RME using a
Hass palatal expansion appliance for the achievement of
a posterior buccal crossbite. The appliance was expand-
ed twice a day (0.25 mm per turn) for 14 days, follow-
ing which it remained in the same position for 6 months
for retention.

Facemask therapy was initiated after RME, at the age
of 12 years and 9 months. Customized mini-plates were
used for anchorage and designed by using 3-matic soft-
ware ver. 11.0 (Materialise, Leuven, Belgium). The proce-
dure was as follows. First, two safe points on both sides
of the anterior segment of the maxilla were selected for
implantation of the mini-screws. Second, the diameter
and length of the mini-screws were determined. Third,
the mini-plates were designed according to the shape of
the bone surface, with holes at the selected safe posi-
tions. Fourth, a hook to receive the elastic was added
above the lateral incisor on each side. The width and
thickness of the mini-plates were 2.5 and 0.9 mm, re-
spectively, while the lengths of the right and left mini-

plates were 10.8 and 9.7 mm, respectively (Figure 3).
Once they were designed, 3D printing was performed
using the Concept Laser M2 device (Concept Laser, Li-
chtenfels, Germany) with titanium powder (Renishaw,
Derbyshire, UK). The final plates were implanted in the
anterior segment of the maxilla under local anesthe-
sia. Each mini-plate was fixed with two titanium mini-
screws (6 mm in length, 1.7 mm in diameter; Synthes,
Solothurn, Switzerland).

A 400-500-g orthopedic force was applied to each
mini-plate, at an angle of 30° from the occlusal plane
such that the force passed through the center of re-
sistance of the nasomaxillary complex. This would
minimize counterclockwise rotation of the maxilla. The
patient was required to wear the facemask for at least
12 hours a day. Facemask therapy was initiated 4 weeks
after the implant surgery, and the anterior crossbite
was corrected after 8 weeks of protraction. The overall
duration of the facemask therapy was 10 months, when
an acceptable profile and a Class 1 occlusal relationship
were achieved (Figure 4). The mini-plates were then
removed under local anesthesia. Cephalometric analysis
(Figure 5 and Table 1) revealed sagittal growth of the
maxilla. Maxillary growth was accelerated for improve-
ment of the sagittal skeletal relationship. Meanwhile, the
torques of the maxillary and mandibular incisors were
maintained, maxillary molar extrusion was controlled,
and maxillary arch crowding was relieved.

In phase 2, fixed orthodontic treatment was initiated
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Figure 4. Facial and intraoral
photographs obtained after 10
months of facemask therapy
for an adolescent girl with
skeletal Class Ill malocclu-
sion and midface deficiency.
An acceptable lateral profile
and an overcorrected overjet
have been achieved. The mini-
plates were subsequently re-
moved.
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with the bonding of 0.022-inch brackets (MBT; 3M Uni-
tek, Monrovia, CA, USA) in the maxillary and mandibu-
lar dentitions. Archwires were sequentially changed for
alignment and leveling in both arches, and Class 111 elas-
tics and interarch elastics were applied for adjustment
of the occlusal relationship and mandibular midline. The
fixed appliance treatment lasted for 12 months, follow-

Figure 5. A lateral cephalogram obtained after facemask
therapy for an adolescent girl with skeletal Class Ill mal-
occlusion and midface deficiency.

ing which the brackets were debonded. The patient was
required to wear removable vacuum-formed retainers for
more than 20 hours every day.

RESULTS

Following the comprehensive treatment, the patient
achieved an esthetic lateral profile with ideal intercuspa-
tion, which were evident on post-treatment facial and
intraoral photographs (Figure 6) and casts. Because of
maxillary growth, the soft tissue profile became more
convex, the upper lip protruded, and the lower lip re-
truded. At the same time, the anterior crossbite was
eliminated and a Class 1 relationship was achieved be-
tween the maxillary and mandibular dentitions. The
overbite and overjet also normalized. The improved fa-
cial and tooth appearances boosted the patient’s confi-
dence.

A post-treatment panoramic radiograph (Figure 7) in-
dicated the absence of root resorption and alveolar bone
loss, with satisfactory root parallelism. The round hyper-
dense lesion in the right maxillary sinus was still present.

The findings of cephalometric analysis (Figure 7 and
Table 1) were consistent with those of the extraoral and
intraoral examinations. In phase 1, the maxillomandibu-
lar skeletal discrepancy was resolved (SNA increased from
75.9° to 78.9°, A-Na perp increased from -1.57 to 0.73
mm, A point moved forward, and ANB increased from
-3.5° to —-2.2°) and the PP-SN angle increased from

_—
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Figure 6. Post-treatment fa-
cial and intraoral photographs
(12 months after facemask
therapy) for an adolescent
girl with skeletal Class Ill ma-
locclusion and midface defi-
ciency treated by facemask
therapy and fixed appliance
treatment. An improved lat-
eral profile and a Class | oc-
clusal relationship between
the molars and canines can be
observed.
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Figure 7. A post-treatment panoramic radiograph (A),
lateral cephalogram (B) and superimposed cephalometric
tracing (C) for an adolescent girl with skeletal Class Il
malocclusion and midface deficiency treated by facemask
therapy and fixed appliance treatment.

12.2° to 14.3°, indicating counterclockwise rotation of
the maxilla. The torque of the maxillary incisors was
slightly increased (U1-SN angle increased from 114.0°
to 117.0°), primarily because of counterclockwise rota-
tion of the maxilla. The mandibular plane angle (FMA
changed from 25.5° to 25.0°) and the torque of the
mandibular incisors were maintained (IMPA increased
from 86.2° to 86.5°). In phase 2, the skeletal measure-
ments remained stable (SNA increased from 78.9° to
79.1° and ANB decreased from -2.2° to —2.4°) and the
maxillary and mandibular incisors showed compensatory
inclination (U1-SN angle increased from 117.0° to 121.2°
while TIMPA decreased from 86.5° to 81.1°).

Superimposition of pre- and post-treatment cepha-
lometric tracings facilitated the evaluation of improve-
ments in the skeletal discrepancy and lateral soft tissue
profile as well as the movements of the incisors and mo-
lars (Figure 8).

The most dramatic change was the significant im-
provement in the soft tissue profile. Along with forward
movement of the upper lip, the zygomatic prominence
and paranasal concavity also exhibited improvements.

From the post- and pretreatment CBCT images, we
built a 3D color map of craniofacial hard tissue super-
imposed at the cranial base using Geomagic Qualify
software ver. 2013 (Geomagic, Morrisville, NC, USA). The
color bar ranged from -3 mm (blue color) to 3 mm (red
color), with red and yellow colors indicating outward

Figure 8. Superimpositions of pre- and post-treatment lateral cephalograms for an adolescent girl with skeletal Class
Il malocclusion and midface deficiency treated by facemask therapy and fixed appliance treatment. An improvement in
the skeletal discrepancy and favorable changes in the lateral soft tissue profile can be observed. The movements of the
incisors and molars can also be appreciated. A, Overall superimposition between pre- (black) and post treatment (red). B,
Maxillary and mandibular superimposition between pre- (black), after facemask therapy (green), and post treatment (red).
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Figure 9. A three-dimensional color map (skeletal) generated by superimposition of pre- and post-treatment cone-
beam computed tomography images for an adolescent girl with skeletal Class Ill malocclusion and midface deficiency
treated by facemask therapy and fixed appliance treatment. There is significant maxillary growth (T1, before treatment;
T2, after treatment). The red and yellow areas indicate outward movements of the T2 skeletal surfaces in relation to the
T1 surfaces, the blue areas indicate inward movements of the T2 surfaces relative to the T1 surfaces, and the green areas

represent little or no change.

movements of the after treatment (T2) skeletal surfaces
in relation to the before treatment (T1) surfaces, blue
color indicating inward movement of the T2 surfaces in
relation to the T1 surfaces, and green color indicating
no change. The color maps showed significant growth
of the maxilla and zygoma (Figure 9), consistent with
the soft tissue changes. The color maps also showed
significant forward mandibular displacement, which oc-
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Figure 10. Post-retention
photographs obtained 48
months after debonding for
an adolescent girl with skel-
etal Class Ill malocclusion and
midface deficiency treated by
facemask therapy and fixed
appliance treatment. The oc-
clusal relationship and profile
are stable.

curred because of mandibular positioning to an anterior
edge-to-edge bite during pretreatment CBCT taking
(Figure 2).

After 48 months of retention, the occlusal relationship,
overbite, and overjet were stable and the facial profile
was satisfactory (Figure 10).
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DISCUSSION

1t is difficult to obtain a good profile in patients with
skeletal Class 111 anomalies who are experiencing post-
pubertal growth spurts by orthodontic treatment alone.
Many studies have demonstrated that the skeletal ef-
fects of facemask therapy with mini-plate anchorage
are superior to those of conventional facemask therapy,
with the former minimizing undesired side effects such
as dental changes and clockwise rotation of the man-
dible.”®"”" To increase the orthopedic effect, we used
skeletal anchorage that directly transferred orthopedic
forces to the maxilla in our case. The maxilla successful-
ly moved forward while the maxillomandibular skeletal
discrepancy was alleviated. The torque of the maxillary
incisors was slightly increased and the mandibular plane
angle was maintained.

Although BAMP has minimal dental effects, it can-
not completely avoid dental changes. Previous studies
showed that maxillary protraction with mini-plate an-
chorage resulted in inclination of the maxillary anterior
teeth, although the degree of change was smaller than
that with tooth-borne maxillary protraction.””"* In the
present case, after phase 1 treatment, the torque of
the maxillary incisors was slightly increased, primar-
ily because of counterclockwise rotation of the maxilla.
Moreover, there was contact between the maxillary and
mandibular anterior teeth during the process of anterior
crosshite correction, and the mandibular incisors exerted
a forward and upward thrust on the maxillary incisors,
resulting in inclination of the latter. In phase 2 treat-
ment, the maxillary incisors were further inclined for
alignment of the crowded arch.

Mini-plates are widely used for anchorage in BAMP.
However, conventional mini-plates need to be bent man-
ually during the procedure for adaptation to the bony
contour, which leads to inaccuracy, and the implant
location is often determined during the procedure.® This
increases the surgical duration, which is associated with
an increased risk of infection and postoperative pain.
Individualized titanium mini-plates are reportedly used
in orthognathic surgery for the prevention of damage to
the mandibular nerve and achievement of more accurate
outcomes.”'’ In the present case, we used customized
mini-plates that do not require manual bending and
naturally adapt to the cortical bone surface. The implant
position is determined before the procedure, which con-
siderably reduces the surgical duration. Moreover, the
distance between the holes on customized mini-plates is
not fixed, as mentioned earlier. Therefore, individualized
mini-plates allow for simplification of the surgical pro-
cedure and reduce the duration and risk of the surgery.

The timing of facemask therapy is crucial. Delaire'
suggested that facemask therapy should be initiated be-

12-15

354

https://doi.org/10.4041/kjod.2020.50.5.346

fore 8 years of age. Meanwhile, it has been recognized
that skeletal changes in the maxilla are easier to achieve
before the age of 10 years." However, maxillary protrac-
tion with skeletal anchorage is often applied after erup-
tion of the maxillary permanent canines at an approxi-
mate age of 11-12 years. Previous studies have reported
forward movement of the maxilla by treatment based on
skeletal anchorage in patients with a mean age of 11.2
years.”"” De Clerck et al."” proposed a BAMP procedure
that used bone-anchored Class 111 traction and achieved
a favorable maxillary growth response in patients with
a mean age of 11.1 years. Subsequently, studies showed
orthopedic changes after BAMP treatment in patients
with a mean age of 11.75-11.9 years.”'* In a case report,
Esenlik et al."”” documented skeletal effects in a patient
aged 14.4 years. Our patient, who began facemask ther-
apy at 12 years and 9 months of age (after the pubertal
growth spurt), missed the optimal timing for facemask
treatment initiation but still achieved a good outcome.
The SNA angle increased by 3° and point A moved for-
ward by 2.3 mm. This significant improvement was due
to forward movement of the maxilla, which could be
confirmed by superimpositions of CBCT images. This
change also caused a remarkable change in her lateral
profile.

RME before maxillary protraction can be beneficial for
patients with skeletal Class 111 malocclusion because it
can reduce the midfacial concavity."” 1t has been sug-
gested that displacement of the craniofacial structures is
more favorable when maxillary protraction is performed
with RME than when it is performed without RME."”
Therefore, RME was performed before maxillary protrac-
tion in our patient, and it may have contributed to the
overall outcome.

The 3D digital technology has been widely used in the
field of orthodontics. 1t greatly improves the accuracy of
diagnosis and treatment and offers the possibility of in-
dividualized treatment.”” In the present case, 3D images
of the teeth, maxillary bone, and maxillary sinus were
acquired using CBCT, which facilitated determination
of the insertion sites and designing of the customized
mini-plates. The 3D printing technique directly manu-
factures 3D products on the basis of a computer-aided
design file. Titanium is a biologically compatible metal
and widely used in the fields of medicine and dentistry.
We used titanium powder (Renishaw) to print the mini-
plates for our patient.

CONCLUSION

In conclusion, we described the successful use of
customized mini-plates for anchorage during facemask
therapy in an adolescent girl with skeletal Class 111 mal-
occlusion and midface deficiency. BAMP moderated
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the maxillomandibular discrepancies, restricted dental
compensation, and achieved remarkable improvements
in the occlusal relationship and lateral profile. The find-
ings from this case indicate that the clinical application
of customized mini-plates is worth promoting because
of advantages, such as a small incision, individualized
insertion points, an easy surgical procedure, and a short
surgical duration.
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