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A case report

Daniela Gariba; Fernando Puglieseb; Renata Mayumi Katoc; Renato Facod; Marilia Yatabee; Hilde
Timmermanf; Hugo De Clerckg

ABSTRACT
This case report presents a 12-year-old boy with unilateral complete cleft lip and palate and severe
maxillary retrusion treated with bone-anchored maxillary protraction (BAMP) therapy followed by
fixed appliances. The follow-up period extended until the end of growth. Initially, the patient
demonstrated a Goslon 4 interarch relationship with an overjet of�3.5 mm and a Wits appraisal of
�7.9 mm. Six months after the secondary alveolar bone graft, Bollard miniplates were fixed
bilaterally at the infrazygomatic region in the maxilla and between the canines and lateral incisors in
the mandible. Class III elastics were used bilaterally full time for 12 months. After treatment, the
overjet increased 5.9 mm. Significant maxillary advancement (SNA þ3.28) and skeletal convexity
improvement (NA-APo þ12.48) were observed. Retrusion of the anteroposterior position of the
mandible was observed (SNB –2.18). Comprehensive orthodontic treatment was performed after
BAMP therapy with nighttime bone-anchored Class III elastics as active retention until the end of
growth. Occlusion and facial esthetics were satisfactory at the end of orthodontic treatment and
growth. Le Fort I surgery for maxillary advancement was not required. BAMP therapy demonstrated
an adequate orthopedic outcome, preventing the need for orthognathic surgery in unilateral
complete cleft lip and palate. (Angle Orthod. 2020;90:734–741.)
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INTRODUCTION

Patients with unilateral complete cleft lip and palate
(UCLP) often present with maxillary deficiency as a
side effect of primary surgeries, demonstrating esthetic
and functional impairment.1 The treatment protocol for
moderate to severe maxillary deficiencies consists of
orthognathic surgery with maxillary advancement at
the end of the growth period.2 The disadvantage of the
current protocol is that patients with UCLP usually go
through childhood and adolescence displaying facial
dysmorphology.

Facemask therapy achieves limited orthopedic ef-
fects relative to the severity of maxillary deficiency in
patients with UCLP.3–5 Side effects such as molar
mesialization and maxillary incisor proclination are also
expected.6 Additionally, facemask therapy can be
unstable in patients with cleft lip and palate since the
etiologic factor of maxillary deficiency is soft tissue
tension of the repaired lip and palate, which remains
until the end of growth.7–9 Finally, the facemask
consists of an extraoral device, and cooperation
depends on patient/family acceptance.

Recently, miniplate bone anchors have been used
with a potential for facial improvement before skeletal
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maturity in UCLP.10–12 Bone-anchored maxillary pro-
traction (BAMP) therapy showed significant maxillary
advancement, gonial angle closure, ramus posterior
displacement, and restriction of chin protrusion.11,12

However, long-term stability of BAMP therapy in UCLP
remains unknown. In this case report we describe a
12.4-year old male patient with UCLP and a severe

maxillary deficiency treated with BAMP therapy and
followed until the end of growth (17.6 years).

CASE REPORT

Etiology and Diagnosis

A 12.4-year-old male patient with left UCLP from the
Hospital for Rehabilitation of Craniofacial Anomalies,
University of São Paulo, Brazil, was selected for BAMP
therapy. His medical history included lip repair per-
formed at 3 months of age using the Spina and
McComb techniques for nasal deformity correction and
a palate repair at 9 months of age using the Furlow
technique associated with the Hans-Pichler technique
(Figure 1). A secondary surgery was performed at 2
years of age for palatal fistula revision. At 9 years of
age, pre–bone graft orthodontic treatment was initiated
(Figure 2). Rapid maxillary expansion was performed
before alveolar bone grafting using a fan-shaped
expander. The secondary alveolar bone graft was
performed when the patient was 11 years 6 months old
with rh-BMP2 (Infuse Bone Graft, Medtronic Sofamor
Danek, Memphis, Tenn).

Before BAMP therapy, the patient had a concave
facial profile due to severe maxillary deficiency and a
hypodivergent growth pattern (Figure 3). The mandible
was well positioned anteroposteriorly. Intraoral analy-

Figure 1. Extraoral and intraoral photographs before lip and palate

repair.

Figure 2. Photographs before orthodontic treatment at 9 years of age.
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sis revealed a Goslon Index 4 with an overjet of –3.5
mm in the permanent dentition (Figure 4). The
panoramic radiograph showed agenesis of the maxil-
lary right second premolar and the maxillary left lateral
incisor (Figure 4). Cephalometric evaluation revealed
severe maxillary retrusion (SNA 70.38), a relatively
well-positioned mandible (SNB 74.58), and a Wits
appraisal of –7.9 mm (Table 1). The etiology of
maxillary deficiency in unilateral cleft lip and palate is
predominantly environmental due to primary lip and
palate repair performed in early childhood.8

Treatment Alternatives

Treatment alternatives were orthopedic maxillary
protraction with bone-anchored Class III elastics or
waiting until the end of growth for Le Fort I maxillary
advancement. The treatment option chosen was
BAMP therapy with the aim of correcting the anterior
crossbite and anticipating facial esthetic improvement.

Treatment Progress

Under general anesthesia, two Bollard miniplates
were installed bilaterally in the infrazygomatic ridge of
the maxilla above the permanent maxillary first molars.
Two miniplates were also inserted bilaterally in the
mandibular anterior region between the permanent
canine and lateral incisor. Three monocortical screws
were used to fix the maxillary miniplates while two

screws were used for the mandibular miniplates. Three
weeks after miniplate insertion, full-time Class III
intermaxillary elastic use was initiated. The force was
150 g per side in the first month (5/16 00 elastics),
reaching 250 g per side in the third month of therapy (1/
4 00 elastics). Elastics were to be changed twice a day:
morning and night.

A fixed transpalatal arch was used during the whole
active therapy phase as a maxillary expansion retainer.
A removable biteplate with proclination springs was
used in the maxillary arch to avoid occlusal interfer-
ence during crossbite correction. The springs were
slightly activated only when the permanent incisors
reached an edge-to-edge relationship. The patient and
family were very cooperative with the therapy.

Figure 3. Extraoral and intraoral photographs before BAMP therapy at 12 years of age. Midface retrusion can be observed. The mandible was

well positioned with an adequate mentolabial sulcus. The interarch anteroposterior relationship was Goslon Index 4. The posterior crossbite had

been previously corrected right before the secondary alveolar bone graft procedure performed when the patient was 11 years 6 months old.

Figure 4. Initial panoramic and cephalometric radiographs.
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After 12 months of treatment, the anterior crossbite

was corrected (Figures 5 through 7). Comprehensive

orthodontic treatment was initiated after BAMP therapy

when the patient was 13 years old. The treatment plan

included correction of the maxillary midline deviation,

maintaining the left maxillary canine to replace the

missing maxillary left lateral incisor. During fixed

appliance treatment, the right maxillary miniplate was

used as direct anchorage for maxillary midline correc-

tion (Figure 8). Nighttime bone-anchored Class III

elastics were recommended as active retention during

comprehensive orthodontic treatment until the end of

growth (Figure 9). Debonding was accomplished at 17

years of age. A hand and wrist radiograph showed the

end of active growth. Surgery for miniplate removal

was scheduled.

Cone beam computed tomography (CBCT) was

performed immediately before BAMP therapy (T1) for

planning the placement of miniplates and evaluating

the alveolar bone graft procedure. A second CBCT

scan was taken after BAMP therapy (T2) and used for

planning the comprehensive orthodontic treatment.

The time between T1 and T2 CBCT exams was 14

months. After debonding, a conventional two-dimen-

sional cephalometric radiograph was taken instead of a

CBCT scan as a final posttreatment record in order to

follow the ALARA (as low as reasonably achievable)

principle. The retention protocol included a Hawley

appliance for 2 years and a fixed permanent mandib-

ular 333 retainer. A velopharyngeal flap using the

Sommerlad technique was performed when the patient

was 16 years old to improve speech.

Table 1. Cephalometric Valuesa

Variables Before BAMP Therapy After BAMP Therapy After Fixed Appliance Therapy

SNA 70.38 73.58 72.68

SNB 74.58 72.48 72.78

ANB �4.28 1.18 –0.18

SNGoGn 31.98 34.68 288

FMA 21.88 24.18 20.48

U1 - Palatal Plane 110.58 112.28 117.18

IMPA 85.98 93.98 94.18

Nasolabial angle 102.98 117.38 94.98

Convexity (NA-APo) –11.98 0.58 –4.98

Wits appraisal –7.9 mm –0.4 mm –1.3 mm

a BAMP indicates bone-anchored maxillary protraction.

Figure 5. Photographs after BAMP therapy. Facial profile improvement was achieved with the midface advancement. The anterior crossbite was

corrected.
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Treatment Results

During the orthopedic intervention with BAMP
therapy, significant improvement of the facial profile
was observed (Figure 5). The anterior crossbite was
corrected, and an adequate change in the interarch
sagittal relationship was observed (Figure 5). Cepha-
lometric analysis (Figure 6; Table 1) demonstrated that
the SNA angle increased 3.28, the SNB angle
decreased 2.18, and facial convexity increased 12.48.
The mandibular plane inclination increased (þ2.38)
after BAMP therapy (Table 1). A slight counterclock-
wise rotation of the maxilla was observed (Figure 7).
Labial inclination of the maxillary (þ1.78) and mandib-
ular (þ88) incisors was observed (Table 1). Figure 7
shows the cephalometric superimposition before and
after BAMP therapy.

During comprehensive orthodontic treatment, the
facial changes observed during BAMP therapy re-
mained stable (Figure 10). Cephalometric changes

after BAMP and fixed appliance treatment showed

slight maxillary retrusion during BAMP therapy reten-

tion (–0.98), an increase in SNB (þ0.38), and a

decrease in ANB (–1.28) (Figures 11 and 12). The

maxillary midline was improved, and positive overjet

was maintained. The molar relationship was Class II

bilaterally at the end of treatment. The canine

relationship was Class I on the right side and Class II

on the left side (Figure 10). The long-term retention

protocol included a Hawley appliance and a fixed 333

mandibular retainer. Nighttime Class III elastics were

recommended as active retention until the end of

growth (Figure 13).

DISCUSSION

The maxilla was significantly protracted after BAMP

therapy, similar to results in previous reports.10–12

Previous studies on facemask therapy in patients with

cleft lip and palate during the mixed dentition demon-

strated an SNA increase ranging from 0.658 to

1.858.5,7,13,14 Considering that this patient was in the

permanent dentition, a very limited orthopedic effect

could be expected if facemask therapy had been used.

Maxillary protraction achieved by BAMP therapy in the

present case was considered clinically significant as a

substantial positive impact on the midface and upper

lip was observed. On the other hand, BAMP therapy

could not replace distraction osteogenesis. BAMP

therapy produced a mean maxillary advancement of

2.5 mm in complete UCLP.12 In contrast, distraction

osteogenesis has been shown to achieve a mean

maxillary advancement between 5 and 15 mm.15,16 A

slight counterclockwise rotation of the maxilla was

observed in agreement with previous reports.17 The

possible explanation is that the protraction force was

applied below the maxillary center of resistance.

However, these results should be interpreted with

caution because patients with cleft lip and palate have

an atypical posterior nasal spine due to the cleft palate.

Figure 6. Panoramic and cephalometric radiographs after BAMP

therapy.

Figure 7. Conventional cephalometric superimposition of tracings

before and after BAMP therapy (SN line centered on S).

Figure 8. Comprehensive orthodontic treatment using miniplates as

anchorage for maxillary midline correction.
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The mandibular sagittal position (SNB) showed
retrusion after BAMP therapy. These results were
probably related to gonial angle closure18 and slight
backward glenoid fossa remodeling.18–20 The Wits
appraisal showed an increase of 7.5 mm, and the

ANB angle increased by 5.38. These results were
considered adequate in the permanent dentition and
with the presence of scar fibrosis and tension inherent
to cleft lip and palate rehabilitation.9

The patient displayed a Goslon Index score of 4
before BAMP therapy, which is considered to be a
severe interarch relationship with poor prognosis for
orthodontic treatment without Le Fort I osteotomy.21

However, excellent patient and family cooperation and
discipline was very important for achieving these
treatment outcomes. Miniplates were well accepted
and caused no physical or psychological discomfort to
the patient, in agreement with previous findings from
Cornelis et al.22 The patient’s horizontal growth pattern
also seemed to be a positive factor influencing the
adequate outcome, although clinical studies should be
performed to confirm this hypothesis.

Outcome stability cannot be expected in UCLP7

because the etiologic factors of maxillary deficiency—
scar fibrosis and soft tissue tension—cannot be
removed.9 For this reason, nighttime use of bone-

Figure 9. Nighttime Class III elastics were used as active retention during comprehensive orthodontic treatment until the end of growth.

Figure 10. Final clinical photographs.

Figure 11. Final panoramic, cephalometric and hand-wrist radio-

graphs.
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anchored Class III intermaxillary elastics was main-
tained as active retention. Long-term Class III elastics
as retention did not produce dental side effects.
Miniplates can also be used as anchorage for tooth
movement during comprehensive orthodontic treat-
ment. In this case, the maxillary midline was improved
with mechanics anchored by use of the miniplates.
Potential problems in the long-term maintenance of

miniplates could be a decrease in patient cooperation

and late instability of the miniplates, both of which were

not observed in this case.

Comprehensive orthodontic treatment was accom-

plished in 42 months. The missing maxillary left lateral

incisor was replaced by space closure and maxillary

canine substitution. Adequate alveolar bone morphol-

ogy is expected when the maxillary canine is moved

toward the grafted alveolar cleft.23,24 At debonding, the

patient was at the end of growth. Le Fort I osteotomy

and maxillary advancement was prevented. Improve-

ment of facial esthetics was anticipated, allowing the

patient to go through the delicate period of adoles-

cence with a better appearance. BAMP therapy seems

promising in improving quality of life and preventing

bullying during adolescence in patients with UCLP.

Future studies with larger samples should be per-

formed to assess the long-term stability of BAMP

therapy and the potential for avoiding orthognathic

surgery in patients with UCLP and maxillary deficien-

cies.

CONCLUSIONS

� Significant maxillary advancement was obtained

Figure 12. Superimposition of cephalometric tracings after BAMP

and fixed appliance therapy.

Figure 13. Facial and intraoral photographs 6 months after debonding. While using retention, the patient was awaiting the surgery for miniplate

removal.
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using BAMP therapy in an adolescent patient with
complete UCLP. Patient and family compliance with
the use of Class III elastics was high. Le Fort I
osteotomy with maxillary advancement was avoided.
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