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Abstract: Purpose: In recent years, a method for improving gummy smiles in adults using an
orthodontic anchor screw has been reported, but there is yet to be a treatment for the gummy smiles
of those in the growth period. Methods: We improved the gummy smiles of three class II patients
with vertical excessive growth of the upper jaw, during their growth period, using a simple bite
jumping appliance (SBJA) and a high pull J-hook headgear. Results: It was found that SBJA promoted
mandibular growth and the high-pull J-hook headgear inhibited the vertical growth of the maxillary
anterior teeth. Conclusion: It is suggested that a combined use of high-pull J-hook headgear and
SBJA is an effective way of improving gummy smiles in class II patients with vertical excessive
growth of the upper jaw during their growth period.

Keywords: bite jumping appliance; high-pull J-hook headgear; orthodontics; growth period

1. Introduction

One of the goals of orthodontic treatment is to achieve aesthetic harmony between
maxillofacial morphology and facial features, whilst also establishing occlusion. Obtaining
a beautiful smile line is important [1,2]. In general, gingival exposure of less than 2 mm
with a full smile is considered aesthetically pleasing and youthful [3]. On the other hand, a
gummy smile is a condition in which excess gingiva is visible during a full smile. Gummy
smiles are thought to be caused by soft tissue odontogenic causes due to the overeruption of
maxillary anterior teeth, altered passive eruption, short upper lip, and skeletal causes due
to excessive vertical growth of the maxilla [2,4–6]. Moreover, gummy smiles are considered
an instigation factor for gingivitis in the anterior maxillary region [7,8], and improvement
of the gummy smile from a young age is considered beneficial.

Conventional methods for improving a gummy smile include the intrusion of incisors,
extrusion of posterior teeth using activator, bite ramps, gingivectomy of the maxillary
anterior teeth, injection of Botox into the upper lip, retraction of the maxillary anterior teeth,
and surgical orthodontic treatment by a combination of LeFort 1 and maxillary horseshoe
osteotomy [4–6]. Treatments are chosen in accordance with the cause. In recent years, a
method for improving gummy smiles in adults using an orthodontic anchor screw has
been reported [9,10]. However, the improvement of a gummy smile by surgical orthodontic
treatment is usually achieved by combined LeFort 1 and maxillary horseshoe osteotomy, a
type of orthognathic surgery, to shorten the facial height [11,12], which is very invasive.
Furthermore, ways to improve a gummy smile using an orthodontic anchor screw are also
slightly invasive. In addition, these approaches are used after growth is complete.

Several treatment methods using orthodontic anchor screws have been reported for
gummy smiles during the growth period [13,14]. Kim et al. treated two Angle Class II
division patients with gummy smiles, in the growth period, using orthodontic anchor
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screws, and reported the correction of excessive vertical growth of the maxillary anterior
teeth and the subsequent alleviation of gummy smiles [13,14]. This suggests that gummy
smiles may be improved if the vertical growth of the maxillary anterior teeth is suppressed.
However, gummy smile patients, especially those of school age, and their parents, may
exhibit resistance to surgical invasion or treatment using orthodontic anchor screws. In
addition, patients in the growth period require special attention because permanent tooth
germs may be present in the bone, or the roots may be immature. We therefore considered
whether it would be possible to suppress the eruption of maxillary anterior teeth with a
removable orthodontic appliance without surgical intervention in patients with gummy
smiles in their growth period.

Here, we used SBJA [15] in combination with the high-pull J-hook headgear to sup-
press the vertical excessive growth of the upper jaw in three class II patients with vertical
excessive growth of the upper jaw during the growth period.

Consent was obtained from patients and their guardians for their inclusion in this
report according to Ethical Guidelines for Medical and Health Research Involving Human
Subjects in Japan.

2. Methods
2.1. Differences between Simple Bite Jumping Appliance (SBJA) and BJA

Here, we used SBJA [15] rather than conventional BJA [16,17]. In SBJA, a resin plate
covers the entire dentition and palate (Figure 1A). On the other hand, a conventional BJA
resin plate covers only the palate and does not cover the entire dentition. Therefore, it was
thought that the SBJA would be able to accept the force of the high-pull J-hook headgear
with the entire upper jaw.

2.2. Attachment of Loop to SBJA

In order to improve gummy smiles caused by an overeruption of maxillary anterior
teeth, we believe that it is necessary to apply upward orthodontic force to the maxillary
anterior teeth, which is why we decided to use the high-pull J-hook headgear (TOMY
INTERNATIONAL, Tokyo, Japan). A loop for combined use with the high-pull J-hook
headgear was made using a 0.8 mm diameter cobalt-chromium alloy wire (JM Ortho,
Tokyo), and attached using self-curing resin for orthodontic use (JM Ortho, Tokyo) onto the
labial side of the maxillary anterior teeth of the SBJA (Figure 1A,B).

2.3. Combined Use of SBJA and High-Pull J-Hook Headgear

After mounting the SBJA in the oral cavity, the SBJA and the high-pull J-hook headgear
were used together by attaching the high-pull J-hook to the loop attached to the SBJA, and
patients were instructed to wear it for 12 hours a day (Figure 1C).

Case 1. Findings from initial examination

The patient was a Japanese boy of 10 years and 7 months at the time of his initial
examination, with a chief complaint of overbite. In terms of family history, the patient’s
father had a gap between his teeth. There were no items in the history of current illness or
medical history that were particularly problematic. He had no notable habits.

In terms of facial findings (Figure 2A), the frontal view did not demonstrate any
deviation of the mandible. When smiling, the distance between the upper lip to the
maxillary left central incisor cervical line was 6.0 mm, and a gummy smile was notable. In
the lateral view, a protrusion of the upper lip was observed.
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tograph while wearing SBJA and high-pull J-hook headgear (C). 
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Figure 1. Combined use of SBJA and high-pull J-hook headgear. SBJA with loop attached to the labial
side of maxillary anterior teeth (A); intra-oral photograph while wearing SBJA (B); facial photograph
while wearing SBJA and high-pull J-hook headgear (C).
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Figure 2. Facial photographs and intra-oral photographs at initial examination for Case 1; facial
photograph and enlarged photograph of the mouth at initial examination (A); intra-oral photograph
at initial examination (B).



Appl. Sci. 2022, 12, 12268 4 of 16

In the intra-oral findings (Figure 2B), the occlusal relationship of the molars was
Angle Class II on both the left and right sides, and the overjet was +6.5 mm. In addition,
the deep overbite was +5.5mm. The maxillary and mandibular dentition midlines were
coincident with the facial midline. The dental age was stage IIIA, and the width of the
dental arches was small in both the upper and lower jaws. However, the length of the
dental arch was large in both the upper and lower jaws. As for the dental arch morphology,
the lower jaw exhibited a parabolic morphology. In addition, a midline diastema was noted
in the maxilla.

In the panoramic radiograph (Figure 3), the maxillary bilateral central incisors had
slightly short roots, and the tooth germs of the maxillary and mandibular bilateral third
molars were observed. No other abnormalities in the number of teeth were observed.
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Figure 3. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 1 at initial
examination.

In the cephalogram angle measurement (Table 1), the SNA angle was 85.0◦, the SNB
angle was 78.5◦, and the ANB angle was +6.5◦ and large, thus exhibiting skeletal class
II. The Frankfort-mandibular plane angle (FMA) was 30.5◦. U1 to SN was 103.0◦ and
the maxillary anterior axial inclination was normal. In addition, FMIA was 62.0◦. In
the cephalogram distance measurement (Table 2), the maxillary anterior tooth height (Is-
Is’) was 31.5 mm. This indicates that the patient’s maxillary anterior teeth were higher
than the average measurements obtained by Sakamoto et al. [18], who noted the average
measurements of Japanese people. Wits appraisal was 0 mm.

Table 1. Cephalogram angle measurements of Case 1.

Pre-Treatment Post SBJA + High-Pull Headgear

(10 y 7 m) (14 y 4 m)

Measurements (◦) Value Value

SNA 85.0 85.0
SNB 78.5 80.5
ANB 6.5 4.5
FMA 30.5 30.5

U-1 to SN 103.0 103.0
FMIA 62.0 61.0

L-1 to mand.pl. 87.5 88.5
Interincisal Angle 126.0 126.0
SN to Nasal floor 9.0 7.5

Occ.pl.to FH 19.0 11.5
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Table 2. Cephalogram distance measurements of Case 1.

Pre-Treatment Post SBJA + High-Pull Headgear
(10 y 7 m) (14 y 4 m)

Measurements
(mm) Value Mean Deviation Value Mean Deviation

N-ANS 55.0 51.5 ± 3.1 X 58.0 57.0 ± 3.5 N
ANS-Me 68.5 66.2 ± 3.7 N 77.5 73.0 ± 4.6 N

Is-Is’ 31.5 28.5 ± 2.1 X 33.0 30.7 ± 2.8 N
Mo-Ms 17.5 19.1 ± 1.7 N 25.5 23.7 ± 2.2 N

Ii-Ii’ 42.0 41.4 ± 1.5 N 47.5 46.0 ± 1.9 N
Mo-Mi 29.0 29.9 ± 2.3 N 35.5 34.1 ± 2.9 N

Wits appraisal 0.0 −2.0

N: Within one standard deviation of the mean
X: Outside one standard deviation of the mean

Diagnosis
This case was diagnosed as a case of skeletal class II, accompanied by a gummy smile

due to the vertical excessive growth of the upper jaw, and a deep overbite.
Treatment approach
We decided to use the SBJA for the purpose of improving the overbite, and skeletal

maxillary prognathism for bite jumping, suppression of maxillary growth, and promotion
of mandibular growth. Furthermore, we elected to suppress the vertical growth of the
maxillary anterior teeth and to improve the gummy smile by using a combination of SBJA
and high-pull J-hook headgear. To improve the narrowed maxillary arch, we planned
to expand the maxillae laterally through enlargement of the SBJA expansion screw. The
patient was instructed to use the appliance for more than 12 h per day.

Treatment course
The patient used SBJA (with expansion screw) and the high-pull J-hook headgear for

28 months, from 11 years and 5 months to 13 years and 9 months of age.
Treatment results
In this patient, as a result of treatment, SNA remained unchanged from 85.0◦, while

SNB increased from 78.5◦ to 80.5◦. As a result, ANB changed from 6.5◦ to 4.5◦, and the
skeletal maxillary prognathism improved. The maxillary anterior teeth (Is-Is’), which had
been high, returned to normal height. With growth, the maxillary molars protruded, but the
protruding of the maxillary anterior teeth was suppressed, and the occlusal plane (occlusal
plane to FH) changed from 19.0◦ to 11.5◦, and altered to an anterior elevation (Figure 4,
Table 1). Wits appraisal was −2.0 mm. The left central incisor cervical exposure while
smiling decreased from 6.0 mm to 0.0 mm, thus improving the gummy smile (Figure 5A). In
addition, the overbite improved, and the molar relationship changed from class II to class I
(Figure 5B). No root resorption was observed in the maxillary anterior teeth (Figure 6).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 6 of 16 
 

the protruding of the maxillary anterior teeth was suppressed, and the occlusal plane (oc-
clusal plane to FH) changed from 19.0° to 11.5°, and altered to an anterior elevation (Figure 
4, Table 1). Wits appraisal was -2.0 mm. The left central incisor cervical exposure while 
smiling decreased from 6.0 mm to 0.0 mm, thus improving the gummy smile (Figure 5A). 
In addition, the overbite improved, and the molar relationship changed from class II to 
class I (Figure 5B). No root resorption was observed in the maxillary anterior teeth (Figure 
6). 

 
Figure 4. Superimposed images of Case 1; overall (SN plane, reference point S) (A); maxilla (palatal 
plane, reference point ANS) and mandible (mandibular marginal plane, reference point Me) (B). 

 
Figure 5. Facial photograph and intra-oral photograph of Case 1 at the end of the first stage of treat-
ment; facial photograph and enlarged photograph of the mouth at the end of the first stage of treat-
ment (A); intra-oral photograph at the end of the first stage of treatment (B). 

 

A B

A

B

BA

Figure 4. Superimposed images of Case 1; overall (SN plane, reference point S) (A); maxilla (palatal
plane, reference point ANS) and mandible (mandibular marginal plane, reference point Me) (B).
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Figure 5. Facial photograph and intra-oral photograph of Case 1 at the end of the first stage of
treatment; facial photograph and enlarged photograph of the mouth at the end of the first stage of
treatment (A); intra-oral photograph at the end of the first stage of treatment (B).
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Figure 6. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 1 at the
end of the first stage of treatment.

Case 2. Findings from initial examination

The patient was a Japanese boy of 10 years 0 months at the time of his initial exam-
ination, with a chief complaint of rattling anterior teeth. In terms of family history, the
patient’s father had teeth crowding. There was no history of current illness or medical
history that was particularly problematic. He had no notable habits.

In terms of facial findings (Figure 7A), the frontal view did not demonstrate any
deviation of the mandible. When smiling, the distance between the upper lip to the
maxillary left central incisor cervical line was 5.5 mm, and a gummy smile was notable. In
the lateral view, a protrusion of the upper and lower lips was observed.
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Figure 7. Facial photographs and intra-oral photographs at initial examination for Case 2; facial
photograph and enlarged photograph of the mouth at initial examination (A); intra-oral photograph
at initial examination (B).

In the intra-oral findings (Figure 7B), the occlusal relationship of the molars was Angle
Class II on both the left and right sides, and the overjet was +7.0 mm on the right side
and +4.0 mm on the left side. In addition, the overbite was +2.0 mm on the right side and
+5.5 mm on the left side, exhibiting a deep overbite. The maxillary anterior teeth were
crowded, and the maxillary dentition midline was deviated 1.5 mm to the right from the
facial midline. The dental age was stage IIIB, and the width of the dental arches was small
in both the upper and lower jaws, exhibiting narrowing. The length of the dental arch
was normal for both the upper and lower jaws. Furthermore, the dental arches exhibited a
parabolic morphology in both the upper and lower jaws.

The panoramic radiographs (Figure 8) showed no abnormalities in the number of teeth.
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Figure 8. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 2 at initial
examination.

In the cephalogram angle measurement (Table 3), the SNA angle was 85.0◦, the SNB
angle was 77.0◦, and the ANB angle was +8.0◦ and large, thus exhibiting skeletal class
II. The Frankfort-mandibular plane angle (FMA) was 33.5◦. U1 to SN was 118.5◦ and the
maxillary anterior teeth showed labial inclination. In addition, FMIA was 53.5◦. In the
cephalogram distance measurement (Table 4), the maxillary anterior tooth height (Is-Is’)
was 31.0 mm indicating that, with reference to Sakamoto et al. [18], who recorded the
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measurements of Japanese people, the patient’s maxillary anterior teeth were higher than
average. Wits appraisal was 2.0 mm.

Table 3. Cephalogram angle measurements of Case 2.

Pre-Treatment Post SBJA + High-Pull Headgear
(10 y 0 m) (13 y 10 m)

Measurements (◦) Value Value

SNA 85.0 85.0
SNB 77.0 80.0
ANB 8.0 5.0
FMA 33.5 33.5

U-1 to SN 118.5 110.0
FMIA 53.5 53.5

L-1 to mand.pl. 92.5 93.0
Interincisal Angle 117.0 125.0
SN to Nasal floor 7.0 4.0

Occ.pl.to FH 15.0 10.5

Table 4. Cephalogram distance measurements of Case 2.

Pre-Treatment Post SBJA + High-Pull Headgear
(10 y 0 m) (13 y 10 m)

Measurements
(mm) Value Mean Deviation Value Mean Deviation

N-ANS 55.5 51.5 ± 3.1 X 58.5 57.0 ± 3.5 N
ANS-Me 66.5 66.2 ± 3.7 N 71.0 73.0 ± 4.6 N

Is-Is’ 31.0 28.5 ± 2.1 X 32.5 30.7 ± 2.8 N
Mo-Ms 18.0 19.1 ± 1.7 N 25.0 23.7 ± 2.2 N

Ii-Ii’ 40.0 41.4 ± 1.5 N 45.0 46.0 ± 1.9 N
Mo-Mi 28.0 29.9 ± 2.3 N 31.5 34.1 ± 2.9 N

Wits appraisal 2.0 −0.5

N: Within one standard deviation of the mean
X: Outside one standard deviation of the mean

Diagnosis
This patient was diagnosed as a case of skeletal class II, accompanied by a gummy

smile due to the vertical excessive growth of the upper jaw, and a deep overbite and crowding.
Treatment approach
First, we decided to improve the crowding of the maxillary anterior teeth with a

sectional arch. After that, we decided to use SBJA for the purpose of improving the overbite
and skeletal maxillary prognathism with the aim of bite jumping, suppressing maxillary
growth, and promoting mandibular growth. Furthermore, we decided to suppress the
vertical growth of the maxillary anterior teeth and improve the gummy smile by using the
SBJA and high-pull J-hook headgear together. To improve the narrowed maxillary and
mandibular arch, we planned to expand the maxillae laterally through enlargement of the
SBJA expansion screw. The patient was instructed to use the appliance for more than 12 h
per day.

Treatment course
The patient used SBJA (with expansion screw) and high-pull J-hook headgear for

28 months from 10 years 5 months to 12 years 9 months of age.
Treatment results
In this patient, as a result of treatment, SNA remained unchanged from 85.0◦, while

SNB increased from 77.0◦ to 80.0◦. As a result, ANB changed from 8.0◦ to 5.0◦, and the
skeletal maxillary prognathism improved. The maxillary anterior teeth height (Is-Is’),
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which had been high, returned to normal. With growth, the maxillary molars protruded,
but the protruding of the maxillary anterior teeth was suppressed, and the occlusal plane
(occlusal plane to FH) changed from 15.0◦ to 10.5◦, and transformed into an anterior
elevation (Figure 9, Table 3). Wits appraisal was −0.5 mm. The left central incisor cervical
exposure while smiling decreased from 5.5 mm to 0.0 mm, thus improving the gummy
smile (Figure 10A). In addition, the overbite improved, and the molar relationship changed
from class II to class I (Figure 10B). No root resorption was observed in the maxillary
anterior teeth (Figure 11).
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Figure 10. Facial photograph and intra-oral photograph of Case 2 at the end of the first stage of
treatment; facial photograph and enlarged photograph of the mouth at the end of the first stage of
treatment (A); intra-oral photograph at the end of first stage of treatment (B).
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Figure 11. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 2 at the
end of the first stage of treatment.

Case 3. Findings from initial examination

The patient was a Japanese girl of 8 years 10 months old at the time of the initial
examination, with a chief complaint of rattling anterior teeth. In terms of family history,
the patient’s mother had teeth crowding. There were no records in her history of current
illness or medical history that were particularly problematic. She had no notable habits.

In terms of facial findings (Figure 12A), the frontal view did not demonstrate any
deviation of the mandible. When smiling, however, the distance between the upper lip to
the maxillary left central incisor cervical line was 4.0 mm, and a gummy smile was evident.
In the lateral view, a protrusion of the upper lip was observed.
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Figure 12. Facial photographs and intra-oral photographs at initial examination for Case 3; facial
photograph and enlarged photograph of the mouth at initial examination (A); intra-oral photograph
at initial examination (B).

In the intra-oral findings (Figure 12B), the occlusal relationship of the molars was
Angle Class II on both the left and right sides, and the overjet was +5.0 mm on both sides.
In addition, the overbite was +3.0 mm. The maxillary anterior teeth were crowded, and the
maxillary and mandibular dentition midlines were coincident with the facial midline. The
dental age was stage IIIB, and narrowed dental arches were exhibited in both the upper
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and lower jaws. The length, however, of the dental arch was normal for both the upper and
lower jaws, exhibiting a parabolic morphology.

The panoramic radiographs (Figure 13) showed no abnormalities in the number
of teeth.
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Figure 13. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 3 at
initial examination.

In the cephalogram angle measurement (Table 5), the SNA angle was 84.5◦, the
SNB angle was 78.5◦, and the ANB angle was +6.0◦, thus exhibiting skeletal class II. The
Frankfort-mandibular plane angle (FMA) was 26.0◦. U1 to SN was 109.0◦ and the maxillary
anterior teeth showed labial inclination. In addition, FMIA was 52.0◦. In the cephalogram
distance measurement (Table 6), the maxillary anterior tooth height (Is-Is’) was 29.5 mm, so
that with reference to Sakamoto et al. [18], the patient’s maxillary anterior teeth were high.
Wits appraisal was −0.5 mm.

Table 5. Cephalogram angle measurements of Case 3.

Pre-Treatment Post SBJA + High-Pull Headgear
(8 y 10 m) (13 y 5 m)

Measurements (◦) Value Value

SNA 84.5 84.5
SNB 78.5 80.5
ANB 6.0 4.0
FMA 26.0 26.0

U-1 to SN 109.0 115.5
FMIA 52.0 49.5

L-1 to mand.pl. 102.0 104.5
Interincisal Angle 116.0 107.0
SN to Nasal floor 8.5 7.5

Occ.pl.to FH 15.5 11.0

Diagnosis
This patient was diagnosed as a case of skeletal class II, accompanied by a gummy

smile due to the vertical excessive growth of the upper jaw, and crowding.
Treatment approach
First, we decided to improve the crowding of the maxillary anterior teeth with a

sectional arch. After that, we decided to use SBJA for the purpose of improving skeletal
maxillary prognathism in order to suppress maxillary growth and promote mandibular
growth. Furthermore, we decided to suppress the vertical growth of the maxillary anterior
teeth and improve the gummy smile by using SBJA and a high-pull J-hook headgear
together. To improve the narrowed maxillary and mandibular arch, we planned to expand
the maxillae laterally through enlargement of the SBJA expansion screw. The patient was
instructed to use the appliance for more than 12 h per day.
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Table 6. Cephalogram distance measurements of Case 3.

Pre-Treatment Post SBJA + High-Pull Headgear
(8 y 10 m) (13 y 5 m)

Measurements
(mm) Value Mean Deviation Value Mean Deviation

N-ANS 51.0 47.0 ± 2.5 X 52.5 53.3 ± 2.8 N
ANS-Me 62.5 62.1 ± 2.9 N 69.0 70.4 ± 3.8 N

Is-Is’ 29.5 26.3 ± 2.1 X 30.0 30.5 ± 2.1 N
Mo-Ms 18.5 17.3 ± 1.5 N 24.0 22.6 ± 1.7 N

Ii-Ii’ 39.0 37.8 ± 1.6 N 44.0 43.2 ± 1.6 N
Mo-Mi 29.0 27.5 ± 1.7 N 33.0 31.9 ± 2.1 N

Wits appraisal −0.5 −1.5

N: Within one standard deviation of the mean
X: Outside one standard deviation of the mean

Treatment course
The patient used SBJA (with expansion screw) and high-pull J-hook headgear for

25 months from 9 years and 8 months of age to 11 years and 9 months of age.
Treatment results
In this patient, as a result of treatment, SNA remained unchanged from 84.5◦, while

SNB increased from 78.5◦ to 80.5◦. As a result, ANB changed from 6.0◦ to 4.0◦, and
the skeletal maxillary prognathism improved. The maxillary anterior teeth height (Is-
Is’) returned to normal height. With growth, the maxillary molars protruded, but the
protruding of the maxillary anterior teeth was suppressed, and the occlusal plane (occlusal
plane to FH) changed from 15.5◦ to 11.0◦, and transformed to anterior elevation (Figure 14,
Table 5). Wits appraisal was −1.5 mm. The left central incisor cervical exposure while
smiling decreased from 4.0 mm to 0.0 mm, thus improving the gummy smile (Figure 15A).
In addition, the molar relationship changed from class II to class I (Figure 15B), and no root
resorption was observed in the maxillary anterior teeth (Figure 16).
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Figure 14. Superimposed images of Case 3 Overall (SN plane, reference point S) (A) Maxilla (palatal
plane, reference point ANS) and mandible (mandibular marginal plane, reference point Me) (B).
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Figure 15. Facial photograph and intra-oral photograph of Case 3 at the end of the first stage of
treatment. Facial photograph and enlarged photograph of the mouth at the end of the first stage of
treatment (A); intra-oral photograph at the end of the first stage of treatment (B).
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Figure 16. Panoramic radiograph (A) and lateral roentgenographic cephalogram (B) of Case 3 at the
end of the first stage of treatment.

3. Discussion

All three cases in this study were in their growth period, and gummy smiles caused
by the overeruption of maxillary anterior teeth were observed. There have been various
reports on the causes and ways of improving gummy smiles [2,4–6,9,10]. However, there
have been no reports on the spontaneous disappearance of gummy smiles observed during
growth. Rather, it has been reported that the amount of exposure of the maxillary anterior
teeth does not change during the growth process [19]. We thought, therefore, that it was
unlikely that overeruption of the anterior teeth would improve spontaneously during the
growth process. In addition, even if orthodontic treatment was started in childhood, it was
not desirable to postpone improvement of the gummy smile complaint until the use of
multi-bracket appliances. Therefore, in order to improve gummy smiles, we decided to
develop a treatment plan that would lead to improvement by means of the application of
orthodontic force in the direction of suppressing the eruption of maxillary anterior teeth
from the growth stage.

The high-pull J-hook headgear is a device that is connected to hooks attached to the
anterior teeth of the arch wire of a multi-bracket device, pulling the maxillary anterior teeth
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upward. By pulling the maxillary anterior teeth upward, the maxillary anterior teeth are
pushed down, and the overbite is reduced, thereby facilitating improvement of a deep
overbite [20–22]. Furthermore, since it is often used in combination with a multi-bracket
device, there have been no reports of the use of the high-pull J-hook headgear during the
growth period.

Since the three cases examined here had skeletal maxillary prognathism in the growth
period, we decided to improve their skeletal characteristics in the first stage of treatment. In
addition, although we considered that pressing down the maxillary anterior teeth using a
multi-bracket device after the end of growth would improve the gummy smiles, we thought
that the combined use of high-pull J-hook headgear with a removable applianc, would
render it possible to actively improve gummy smiles at an early stage by suppressing the
eruption of maxillary anterior teeth before the end of the growth period.

As patients were in the mixed dentition stage, rather than using the headgear in
combination with a multi-bracket device, we devised a plan to attach a loop to a part that
is equivalent to the maxillary anterior teeth of a SBJA. This was then used to improve
maxillary prognathism, and to use the high-pull J-hook headgear to draw the part corre-
sponding to the maxillary anterior teeth upwards to suppress their eruption and improve
the gummy smiles.

In general, the effects of BJA include a decrease in the ANB angle due to maxillary
growth suppression and mandibular growth promotion, as well as a change in the antever-
sion of the occlusal plane, clockwise rotation of the mandible, and lingual inclination of the
anterior maxillary teeth [23,24]. The common BJA effect seen in these three cases was the
decrease in the ANB angle due to mandibular growth promotion.

It has been reported that normally, the SNA angle increases slightly with growth [25].
The general maxillary growth suppression effect of BJA is the reduction in the SNA angle
by around 0.5◦, but without a significant difference [23,24]. Here, the SNA angle remained
almost unchanged in all three cases. This may be the result of the suppression of the SNA
angle, which should increase with normal growth, due to the general effect of BJA, but this
is difficult to ascertain.

In addition, the combined use of SBJA and high-pull J-hook headgear caused a change
in the anterior elevation of the occlusal plane, which is generally not an observed effect
of BJA. It is an opposite consequence of the general BJA effect, which is the anteversion
of the occlusal plane. We found, however, that when an upward force was applied to the
anterior part of the SBJA by the high-pull J-hook headgear, the entire maxillary dentition
being covered with a plate, which is a feature of the SBJA, led to the application of an
anti-clockwise force being applied to the entire maxillary dentition. This suppressed the
eruption of maxillary anterior teeth and caused anterior elevation changes to the occlusal
plane due to the normal growth of the maxillary molars. In addition, we conceived that the
suppression of eruption of maxillary anterior teeth improved the gummy smile.

Furthermore, although BJA is generally associated with the clockwise rotation of the
mandible [23], this was not observed in any of the three cases. Sakai et al. [24] reported
that BJA generally involves a large amount of protrusion of the mandibular molars. In this
study, the amount of protrusion of the mandibular molars was smaller than that of the
maxillary molars in all the three cases observed, so it is possible that the clockwise rotation
of the mandible was not noted. This mechanism will, however, need to be investigated in
the future. Additionally, the treatment duration was long in all three cases. It took time
for the effect of the appliance to appear. It is considered that long treatment duration is
a demerit of the method of improving gummy smiles using SBJA and high-pull J-hook
headgear.

In these cases, as a result of using SBJA in combination with high-pull J-hook headgear
with the aim of improving the overeruption of maxillary anterior teeth, the eruption of
maxillary anterior teeth was suppressed, and led to a result similar to those reported on
treatments that improved gummy smiles using orthodontic anchor screws in patients in the
growth stage [13,14]. It was thought that the method of improving gummy smiles using
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SBJA and high-pull J-hook headgear, as examined in this study, may be an option for school-
age patients and their parents, who may be resistant to surgically invasive treatments. When
an orthodontic anchor screw is used to improve a gummy smile during the growth period,
the anchor screw may be lost, and it has been reported that the dropout rate from treatment
after implanting orthodontic anchor screws is high in young patients [26]. We suspect that
the improvement of gummy smiles using SBJA and high-pull J-hook headgears are an
alternative treatment in such situations. However, the lengthening of the treatment period
must be considered.

In conclusion, the combined use of SBJA with a loop attached to the labial side
of maxillary anterior teeth and high-pull J-hook headgear may suppress the eruption
of maxillary anterior teeth and improve gummy smiles in growth period patients with
maxillary prognathism. However, this study was a case series, and therefore future studies
are needed to assess the ideal treatment for specific subgroups of patients, the ideal timing
and so on.
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